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PREFACE 


Inorganic  chemistry  and  vegetable  histology  ranked  from  the  start 
as  pure  sciences  j  food  chemistry  and  food  microscopy  developed  to  a 
large  extent  as  means  to  certain  practical  ends. 

The  early  studies  of  nutrition  led  to  the  framing  of  a  system  of 
analysis  in  six  groups,  the  results  of  which  have  accumul0<ted  through 
several  generations.  Somewhat  later,  .stimulated  by  the  passage  of 
laws  to  suppress  fraud,  more  detailed  analyses  of  genuine  products  were 
carried  out,  the  results  of  which  serve  as  a  guide  in  interpreting  analyses 
of  suspected  articles.  Investigation  carried  out  at  official  and  private 
laboratories  in  endeavors  to  widen  variety,  better  quality,  increase 
yield,  reduce  cost,  and  prevent  waste  involved  numerous  analyses  often 
including,  determinations  of  lesser-known  constituents. 

Supplementing  these  accumulated  data  in  the  applied  field  are  the 
discoveries  of  new  constituents  and  of  new  facts,  with  regard  to  con¬ 
stituents  previously  known  to  exist,  made  by  a  small  but  devoted  group 
of  workers  not  seeking  immediate  application  but  imbued  with  the  idea 
that  fundamental  knowledge  is  an  economic  asset. 

Appreciating  the  lack  of  a  comprehensive  work  in  the  English 
language,  comparable  with,  yet  differing  from,  the  voluminous  works 
in  German  and  French,  the  writers’  task  has  been  partly  to  collect, 
select,  summarize,  and  unify,  so  far  as  expedient,  results  on  the  com¬ 
position  of  a  great  variety  of  products  scattered  through  numerous 
journals,  and  partly  to  add  their  own  contributions,  largely  hitherto 
unpublished,  on  the  gross  and  microscopic  structure  of  these  products. 

Special  stress  is  laid  on  the  relation  of  structure  to  chemical  com¬ 
position,  which  is  analogous  to  that  of  animal  anatomy  to  physiology, 
one  being  incomplete  without  the  other.  * 

The  products  described,  chiefly  natural  or  obtained  by  mechanical 
separation  such  as  milling  or  pressing  or  else  by  operations  involving 
simple  chemical  changes,  cover  a  broad  geographical  range— oriental 
and  occidental,  temperate  and  tropical.  Analytical  methods  and  vita¬ 
mins,  adequately  treated  elsewhere,  are  not  included 

No  emphasis  is  laid  on  the  application  of  the  subject  matter  in  any 
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PREFACE 


The  illustrations  have  been  reproduced  from  the  authors’  drawings 
partly  in  woodcut  by  the  late  Franz  X.  Matolony  of  Vienna  and  partly 
in  copper  etching  and  half-tone  by  the  Powers  Photo  Engraving  Com¬ 
pany  of  New  York. 

To  dedicate  the  work  to  any  one  individual  whose  friendly  guidance 
one  or  both  of  us  has  experienced  would  be  but  to  omit  mention  of  others 
to  whom  like  tribute  is  due.  We  venture,  however,  in  this  place  to 
venerate  the  memory  of  two  great  histologists.  Professor  Josef  Moeller 
and  Professor  Thomas  F.  Hanausek,  and  two  great  chemists.  Professor 
Samuel  W.  Johnson  and  Dr.  Harvey  W.  Wiley. 


W'lLTON,  Conn., 
January,  1932. 


A.  L.  W. 
K.  B.  W. 
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STRUCTURE  AND  COMPOSITION 

OF  FOODS 


STRUCTURE  AND  COMPOSITION 

OF  FOODS 

INTRODUCTION 


The  plan  followed  in  this  and  succeeding  volumes  is  quite  simple. 
The  classification  is  first  by  economic  groups  as  shown  on  the  covers  and 
title  pages,  second  by  parts — fruits,  seeds,  leaves,  etc.,  third  by  families, 
fourth  by  genera,  and  fifth  by  species.  Each  natural  product  heads  a 
chapter.  After  brief  statements  of  origin,  habitat,  botanical  relation¬ 
ship,  and  uses,  the  scientific  subject  matter  is  treated  under  three  main 
-  heads:  (1)  macroscopic  structure,  with  due  regard  to  morphology; 

(2)  microscopic  structure,  which  is  equivalent  in  most  cases  to  histology 
or  morphology  of  the  tissues;  and  (3)  chemical  composition  of  the  natural 
product  and  when  practicable  of  its  parts  separated  mechanically 
whether  in  the  laboratory  or  in  the  factory.  Subordinate  to  (1)  and  (2) 
is  a  section  showing  the  chief  structural  characters,  and  subordinate  to 

(3)  are  often  sections  showing  the  composition  of  manufactured  products. 
The  economic  grouping  of  vegetable  products  in  most  cases  also  is 

chemical— cereals  are  distinctly  starchy;  oil  seeds  are  characterized  by 
the  predominance  of  glycerides;  succulent  fruits  in  general  are  sac¬ 
charine  and  acid;  most  spices  owe  their  value  to  terpenes  or  related 
substances;  and  members  of  the  beverage  group  contain  stimulating 
principles  classed  as  alkaloids.  Hence  the  classification  is  partly 
chemical  and  partly  botanical,  thus  better  emphasizing  what  is  perhaps 
the  chief  mission  of  the  work,  namely,  the  exploiting  of  the  interrelation 
of  structure  or  optical  science  to  composition  or  chemical  science. 

MACROSCOPIC  STRUCTURE. — Descriptions  are  given  of  gross  or 
lens  characters  of  the  parts  of  each  product  as  separated  by  simple  dis¬ 
section.  This  furnishes,  so  to  speak,  a  chart  showing  the  terrain  which 
as  been  further  explored  by  microscopists  and  chemists 

and  .Zh'  "P  P>-0Per- 

or  middIP  f  of  eptcarp  or  outer  epiderm,  rmsocarp 

coat  which fleshy,  and  endocarp  or  inner 

stone  u  ■membrane  or,  as  in  the  cocoanut  and  the 

stone  of  the  peach,  a  hard  shell. 
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Seeds  consist  of  (1)  the  seed  coat  or  spennoderm,  through  which,  if 
not  orthotropous,  run  the  raphe  and  its  branches;  (2)  the  perisperm, 
derived  from  the  tissues  of  the  ovule  of  the  flower;  (3)  the  endosperm 
(albumen  of  the  botanist,  not  albumin  of  the  chemist),  and  (4)  the 
embryo  or  germ,  w'hich  in  fertile  seeds  must  be  fully  developed  but  may 
nevertheless  be  minute.  The  last  tw’o  are  formed  within  the  embryo 
sac.  Perisperm,  endosperm,  and  embryo  differ  greatly  in  their  relative 
size  and  development,  and  one,  two,  or  all  may  contain  reserve  material 
for  the  nourishment  of  the  plantlet,  furnishing  one  of  the  most  interesting 
features  of  the  morphology  of  seeds.  For  example,  the  reserve  material 
of  the  cereals  and  buckw'heats  is  largely  in  the  endosperm ;  of  rape  and 
related  seeds,  also  of  cotton  and  of  most  legumes,  in  the  embryo;  of 
pepper,  in  the  perisperm.  In  linseed  the  reserve  material  is  divided 
between  the  endosperm  and  the  embryo. 

Stems  and  roots  show  in  cross  section  several  zones:  epiderm,  cortex, 
and  central  cylinder  with  its  fibro-vascular  bundles.  The  meristematic 
tissues  are  differently  located  in  exogenous  and  endogenous  plants,  as 
noted  in  the  description  of  representative  members  among  vegetables 
and  spices.  Leaves  show  between  epidermal  layers  the  green  tissues 
that  take  part  in  photosynthesis.  The  parts  of  flowers  are  described  in 
every  botany.  Meat,  fish,  and  eggs  also  exhibit  differentiation  evident 
to  the  naked  eye. 

Further  morphological  details  are  unfolded  in  the  description  of  each 
product.  Too  great  emphasis  cannot  be  laid  on  the  importance  of 
studying  each  morphological  part  by  itself  whenever  it  -is  possible  to 
effect  a  separation.  An  investigation  carried  out,  for  example,  on  a 
mixture  of  starchy  endosperm  and  oily  embryo  is  as  unscientific  as  an 
analysis  of  a  mixture  of  a  mineral  crystal  and  its  matrix. 

MICROSCOPIC  STRUCTURE. — To  chemists  and  others  who  are 
unfamiliar  with  microtechnique  and  who  are  afflicted  with  a  kind  of 
“  stage  fright,”  it  may  be  said  that  the  microscope  is  little  more  com¬ 
plicated  or  difficult  to  operate  than  the  opera-glass.  Both  employ  a 
focusing  screw  and  require  illumination  of  the  object  on  the  stage,  in 
one  by  substage  mirror,  in  the  other  by  foot-lights.  The  subject  matter, 
although  employing  a  few  terms  not  in  ordinary  parlance  (but  well 
defined  in  an  unabridged  dictionary),  does  not  demand  extensive  pre¬ 
study  for  its  perusal.  Naturally  one.  with  elementary  knowledge  is  at 
an  advantage,  but  others  with  courage  may  plunge  into  the  subject  and 
soon,  by  acquiring  knowledge  here  and  there,  be  in  possession  of  all  that 
might  be  acquired  by  a  systematic  course  of  study. 

Definitions. — Brief  definitions  of  the  more  important  tissues  together 
with  the  reference  letters  by  which  they  are  designated  in  many  of  the 
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cuts  may  prove  helpful  to  those  unfamiliar  with  the  terminology  of  the 
histologist. 


Cellular  Tissues.  Parenchyma  (p). — Thin-walled,  isodiametric  or  moderateiy 
elongated  cells,  with  walls  usually  of  cellulose,  with  or  without  intercellular  spaces 
at  the  angles.  In  spongy  parenchyma  the  intercellular  spaces  are  conspicuous  and 

the  contour  of  the  cells  is  much  distorted. 

Collenchyma  (coZ).— Cells  with  conspicuous  thickenings  at  the  angles;  walls  of 
cellulose  or  a  modification,  not  lignified. 

Sclerenchyma  {scl). — Cells  with  lignified,  often  strongly  pitted  walls.  Includes 
stone  cells  {st),  fibers  (/),  and  a  great  variety  of  other  forms. 

Epiderm  {ep). — The  outer  {aep)  and  inner  (iep)  tissue  layer  of  organs  as  for  exam¬ 
ple  the  spermoderm  (seed  coat),  also  the  upper  and  lower  tissue  layers  of  leaves. 
Epicarp  (epi)  the  outer  epiderm  of  the  pericarp  (fruit  coat). 

Endocarp  {end)  the  innermost  layer  of  the  pericarp,  often  consisting  of  a  dense 


woody  zone. 

Cuticle  (c). — The  membranous  (not  cellular)  coating  often  covering  the  epiderm, 
consisting  of  cutin,  a  substance  related  to  lignin. 

Stomata  {sto). — The  epidermal  openings  that  facilitate  assimilation  (photosyn¬ 
thesis),  respiration,  and  transpiration. 

Water  Stomata. — Openings  at  the  ends  of  nerves  through  which  water  is  dis¬ 
charged. 

Hairs  or  Trichomes  {t). — Unicellular  or  multicellular  outgrowths  of  the  epiderm. 

Emergences. — Multicellular  outgrowths  with  tissues  derived  from  subepidermal 
as  well  as  epidermal  layers. 

Palisade  Layer  (pal). — A  layer  of  elongated  cells  arranged  vertical  to  the  surface 
of  the  organ. 

Cork  (su).  Protective  tissue  of  tabular  cells  in  radial  rows  with  suberin  as  the 
characteristic  constituent  of  the  walls. 

Fibro-vascular  Bundles  (fv).  Compound  strands  of  elongated  elements  consisting 
of  (1)  phloem  with  sieve  tubes  (s),  cambifiorm  cells  and  parenchyma,  (2)  xylem  wdth 
pitted  (pi),  reticulated  (ret),  spiral  (sp),  and  annular  (an)  vessels,  and  (3)  sheath  of 
bast  fibers  (/).  In  dicotyledonous  plants  the  bundles  form  a  ring  about  the  stem, 
whereas  in  monocotyledonous  plants  they  are  distributed  irregularly  through  the 
pithy  tissue;  in  both  cases,  however,  the  bundles  are  collateral,  the  phloem  and 
xylem  of  each  being  m  the  same  radial  row,  but  in  the  radial  bundles  of  young  roots 
t  ey  are  in  different  radial  rows,  that  is,  they  alternate  in  a  ring.  Concentric  bundles 
with  xylem  eMirchng  the  phloem  occur  in  many  rhizomes  of  monocotyledonous 
pla^s  and  with  phloem^  encircling  the  xylem  are  characteristic  of  ferns. 

Cortex.— The  layer  in  stems  between  the  epiderm  or  cork  tissue  and  the  central 
cyhnder  with  the  bundle  tissues. 

Contents.  Pnloplmm.~The  living  matter  of  cells.  Among  the  forms  are 
(1)  ci/toplam  which  IS  granular  or  stringy;  (2)  cell  nucleus,  a  round  or  oval  body 
brought  out  clearly  by  special  stains;  and  (3)  plaetids  or  chromatophores  including 
Cklorophyl  yrmns  or  chloroplasts,  the  green  bodies  of  leaves,  leac“  o^  ta  ch 
formers,  and  c,ron,oplusls,  the  yellow,  orange,  or  red  coloied  bo£  orvtrut 


Starch  (am).-^See  chapter  on  Starch. 

Sucrose  is  the  only  soluble  carbohydrate  usually 
tins  only  when  deposited  by  evaporation. 


present  in  crystalline  form,  and 
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Inulin  (in)  is  present  in  roots,  rhizomes,  etc.  It  forms  sphicro-crystals  with 
alcohol. 

Mucilage  {muc). — A  general  term  for  gelatinizing  substances  such  as  gums,  pectins, 

etc. 

Aleurone  Grains  (al). — Protein  bodies,  present  in  certain  oil  seeds,  consisting  of 
ground  substance  containing  one  or  more  of  the  following;  (1)  crystalloids  or  protein 
crj^stals,  (2)  globoids  believed  to  be  phosphates  with  organic  salts,  and  (3)  calcium 
oxalate  crystals. 

Tannins,  Fats,  Fatty  Oils,  IPa-ves,  Volatile  or  Essential  Oils,  and  Resins  do  not 
occur  as  definite  organized  bodies  but  are  recognized  by  their  solubilities  or  chemical 
reactions. 

Calcium  Oxalate  occurs  often  as:  (1 )  single  monoclinic  crystals,  (2)  crystal  rosettes, 
(3)  raphides  or  needle-shaped  crystals,  and  (4)  crystal  sand. 

Calcium  Carbonate  occurs  as  cystoliths,  rarely  as  crystals. 

Silica  occurs  as  rounded  bodies  in  the  stegmata  of  palms  and  some  other 
plants. 

Latex  (1). — Milky  secretions  in  tubes  in  various  leaves,  stems,  roots,  and  fruits. 

One  with  an  untrained  hand  and  eye  would  not  be  able  to  verify  all 
the  minute  details  of  structure,  but  he  soon  would  be  able  to  identify  the 
principal  tissues  and  greatly  enlarge  his  horizon.  A  sharp  distinction 
must  be  drawn  between  observing  for  one’s  self  and  reading  under- 
standingly.  It  is  believed  that  the  chemist,  without  attempting  any 
practical  microscopic  work,  will  derive  much  helpful  information  from 
even  the  mere  perusal  of  the  text. 

A  word  in  explanation  and  perhaps  in  defense  of  some  of  the  terms 
seems  due  to  histologists.  The  terms  epidermis,  hypoderma,  and  sperrno- 
derm  have  been  current.  Such  a  hodgepodge  of  Greek,  Latin,  and 
English  is  a  shock  to  one’s  sense  of  uniformity.  In  the  “  Microscopy 
of  Vegetable  Foods,”  hypoderma  was  shortened  to  the  English  form 
hypoderm,  but  courage  was  then  lacking  to  Anglicize  epidermis,  although 
precedent  was  not  lacking.  In  this  work  the  classical  endings  have 
been  ruthlessly  chopped  away,  and  epiderm,  hypoderm,  and  sperrnoderm 
adopted.  Aside  from  the  point  of  uniformity,  the  advantage  of  being 
able  to  form  English  plurals  of  words  so  often  used  is  obvious. 

In  the  cuts,  the  magnification  of  160  diameters  has  been  adhered  to 
whenever  practicable,  thus  making  it  possible  to  judge  the  relative  size. 
This  magnification  is  half  that  of  the  original  camera  lucida  drawings 
made  by  the  writers  at  the  level  of  the  stage  with  the  tube  length  of 
150  mm..  No.  7  objective,  and  No.  0  ocular.  Small  and  large  thus 
apply  to  relative  sizes  of  the  elements  at  this  magnification.  Rather 
than  give  numerous  cumbersome  and  often  worse  than  useless  measure¬ 
ments,  a  measuring  rule  accompanies  this  volume  that,  applied  to  cuts 
magnified  160  diameters,  gives  the  measurement  in  terms  of  thousandths 
of  a  millimeter  (/x). 
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Reagents— A  long  list  of  reagents  seems  superfluous,  for  some  are 
seldom  used  and  others  are  prepared  in  various  strengths  lo  meet  the 
occasion.  The  reagents  most  needed  follow: 

Acetic  Add. — Equal  parts  of  the  glacial  acid  and  water. 

Chloral  Dissolve  8  grams  of  chloral  hydrate  in  5  cc.  of  water. 

Chlorzinc  Iodine.— Dissolve  30  grams  of  zinc  chloride,  5  grams  of  potassium  iodide, 
and  0.89  gram  of  iodine  in  14  cc.  of  water.  To  prevent  deterioration  keep  a  few 
crystals  of  iodine  in  the  bottle. 

Ether. 

Ferric  Chloride. — A  1  per  cent  solution. 

Glycerin. — Equal  parts  of  glycerin  and  water  are  used  for  mounting. 

Grain  Alcohol. 

Iodine  in  Potassium  Iodide. — Dissolve  0.05  gram  of  iodine  and  0.2  gram  of  potas¬ 
sium  iodide  in  15  cc.  of  water. 

Labarraque’s  Solution,  a  much-used  bleaching  agent,  may  be  obtained  of  any 
pharmacist,  or  it  may  be  prepared  as  follows:  thoroughly  triturate  75  grams  of 
fresh  chlorinated  lime  (bleaching  powder)  with  600  cc.  of  water,  added  in  two  or 
three  successive  portions,  and  filter.  To  the  filtrate  add  a  solution  of  150  grams  of 
crystallized  sodium  carbonate  in  400  cc.  of  water,  mix  thoroughly,  warm  if  the  solu¬ 
tion  gelatinizes,  and  again  filter.  Keep  in  a  cool  dark  place.  This  solution  has 
largely  displaced  Javelle  water. 

Safranin  Solution. — A  water  solution,  diluted  as  needed. 

Schultze’s  Macerating  Solution. — Mix  a  few  crystals  of  potassium  chlorate  with 
concentrated  nitric  acid  immediately  before  using. 

Sodium  Hydroxide  Solution. — Dissolve  5  grams  in  100  cc.  of  water. 

Turpentine. — Used  for  mounting  oily  substances. 


Apparatus. — Although  oil  immersion  objectives,  embedding  appara¬ 
tus,  microtomes  of  various  types,  and  other  expensive  apparatus  are 
invaluable  in  cytological  and  embryological  work,  they  are  not  essential 
for  verifying  the  descriptions  herewith  given.  Polarizing  apparatus  is 
useful,  but  not  indispensable,  in  the  identification  of  starches.  In  addi¬ 
tion  to  slides,  cover  glasses,  dropping  bottles,  watch  glasses,  and  a  few 
simple  dissection  instruments  such  as  needles,  scalpels,  and  forceps,  one 
modern  invention,  the  Gillette  razor  blade,  deserves  special  mention  as 
with  its  keen  edge  may  be  cut  thoroughly  satisfactory  sections  of  practi- 
ca  y  every  kind  of  material  held  in  the  fingers  or  between  pieces  of  cork 
CHEMICAL  COMPOSmON.-Water,  protein,  fat,  nitrogen-free 
extract  fiber,  and  ash  form  the  six  so-called  crude  constituents— more 
correct  y  groups-under  which  fall  the  numerous  actual  chemical  con¬ 
stituents.  The  methods  employed  in  determining  these  crude  constitu¬ 
ents  in  essential  details  have  been  inherited  from  the  students  of  human 
and  animal  nutrition  of  the  middle  of  the  nineteenth  century. 

he  term  “  crude  ”  is  commonly  applied  only  to  the  fiber  (not 
p  tsen  in  animal  products),  but  all  six  constituents  are  crude,  and  the 
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nitrogen-free  extract,  being  obtained  by  difference  and  consequently 
sharing  the  errors  of  all  the  determinations,  is  crudest  of  all;  yet  to  add 
the  word  “  crude  ’’  to  each  or  any  seems  entirely  unnecessary,  especially 
as  we  are  far  from  able  to  obtain  results  really  worthy  of  the  word 
“  pure.’’  To  propose  so  cumbersome  a  term  as  “  crude  nitrogen-free 
extract  ”  would  be  a  step  in  the  opposite  direction  from  the  adoption  of 
a  simplified  word  suggested  below. 

Water. — The  simplest  of  all  substances  in  foods  is  not  the  simplest 
to  determine.  If  from  mineral  substances,  where  heating  from  low 
V  redness  to  a  white  heat  is  feasible,  water  is  not  always  readily  driven 
off,  how  much  more  serious  is  the  problem  where  the  substance  is  a  com¬ 
plex  mixture  of  organic  substances  that  would  be  destroyed  at  a  heat  far 
short  of  redness  and  may  oxidize  or  suffer  other  changes  even  at  the 
temperature  of  boiling  water.  Starch  holds  tenaciously  to  traces  of 
water,  and  proteins  when  in  a  colloidal  condition  are  not  readily  dried. 
On  the  other  hand,  some  sugars  decompose  at  well  below  100°  C.  and 
necessitate  drying  in  vacuo  at  70°  C.  Presence  of  other  volatile  sub¬ 
stances  such  as  essential  oil  adds  further  to  the  difficulties.  In  the 
earlier  analyses,  drying  was  carried  out  in  an  open  dish  in  a  boiling  water 
oven,  but  since  about  1890,  in  the  United  States  at  least,  oxidation 
has  been  avoided,  and  in  addition  a  more  complete  removal  of  the 
moisture  has  been  effected  by  conducting  the  drying  at  100°  C.  in 
a  stream  of  dry  hydrogen  or  in  vacuo. 

Protein. — In  the  analysis  of  wheat  flour  an  approximation  to  the  con¬ 
tent  of  protein  is  secured  by  washing  out  the  other  constituents  from  the 
dough  in  a  stream  of  water,  drying  the  crude  gluten,  and  weighing. 

*  In  other  vegetable  products  no  such  rough  and  ready  method  is  avail¬ 
able,  and  dependence  must  be  placed  on  the  determination  of  nitrogen 
and  calculation  of  the  protein — or  more  correctly  stated,  nitrogenous 
matter — by  the  use  of  a  factor,  usually  6.25.  When  it  is  considered 
that  the  range  in  nitrogen  content  of  vegetable  proteins  is  from  less  than 
15  to  at  least  19  per  cent  and  that  more  or  less  nitrogen  exists  in  non¬ 
protein  form,  the  defects  of  the  procedure  are  obvious.  The  use  of  a 
special  factor  for  each  substance,  such  as  5.7  for  wheat  flour,  adds  some¬ 
what  to  the  accuracy,  but  our  knowledge  of  the  nitrogenous  constituents 
of  most  products  is  too  meager  to  warrant  the  adoption  of  such  a  special 
factor. 

Stutzer,  by  his  cuprous  hydroxide  precipitation  method,  separated 
the  protein  nitrogen  from  the  non-protein  nitrogen.  At  the  time  the 
method  was  devised,  proteins  were  known  as  albuminoids,  and  the 
.  results  were  calculated  by  factors  in  terms  of  albuminoids  and  non¬ 
albuminoids  or  amides.  At  present  the  unqualified  term  'protein  is 
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generally  considered  to  be  total  nitrogen  times  6.25  and  is  so  used  in  this 
work,  whereas  'puve  protei7i  is  the  designation  for  protein  (albuminoid) 
nitrogen  times  the  same  factor.  Wherever  the  result  on  protein  has 
been  corrected  by  deduction  of  non-protein  substances  such  as  piperine, 
caffeine,  or  theobromine,  the  facts  are  stated  in  a  footnote. 

During  recent  years,  great  progress  has  been  made  in  the  study  of 
proteins.  Of  particular  interest  are  the  products  of  hydrolysis  of  indi¬ 
vidual  proteins  which  appear  to  be  constituents — the  so-called  building 
stones — of  protein  molecules.  A  large  amount  of  data  has  also  been 
accumulated  on  the  nitrogen  distribution,  not  only  in  proteins  but  also 
in  foods. 

For  the  better  understanding  of  the  tables  showing  the  percentages  of 
the  hydrolytic  products  obtained  from  the  various  proteins,  as  given 
throughout  this  work,  a  classified  list  of  the  amino  acids  with  formulas 
has  been  prepared  as  follows: 

AMINO  ACIDS  OF  FOOD  PROTEINS 


Aliphatic  Series. 

Monoamino  monobasic  acids. 

Glycocoll  or  a-amino-acetic  acid,  NH2*CH2-COOH. 

Alanine  or  a-amino-proprionic  acid,  CH3-CHNH2'COOH. 

Valine  or  «-amino-iso-valeric  acid,  (CH3)2-CH-CHNH2-COOH. 

Leucine  or  a-amino-iso-butyl-acetic  acid,  (CH3)2-CH-CH2-CHNH2-COOH. 
Glyco-leucine  or  a-amino-caproic  acid,  CH3-CH2-CH2-CH2-CHNH2-COOH. 
Iso-leucine  or  Q:-amino-^-methyl-/3-ethyl-proprionic  acid  CH3'CH2-CHCH,- 
CHNH2COOH. 

Serine  or  a-amino-d-hydroxy-proprionic  acid,CH20H*CHNH2-C00H. 

Cysteine  or  a-amino-d-thio-lactic  acid,  CH2SH'CHNH2-COOH. 

Cystine  or  a-diamino-d-dithio-lactic  acid,  COOH-CHNH2-CH9-S-S.CH,. 
CHNH2-COOH.  ' 

Monoamino  dibasic  acids. 

Aspartic  acid  or  a-amino-succinic  acid,  COOH-CHNH2-CH2-COOH. 

Glutamic  (glutammic)  acid  or  a-amino-glutaric  acid,  COOH-CHNH2-CH2-CH2* 


Diamino  monobasic  acids. 

c'Hi"cHNH“^COOH  •  CNH  •  NH  •  CH,  •  CH,  • 

Lydne  ora,  ,-diamino-caproic  acid,  NH..CH,.CH,.CH3.CH,.CHNH,.COOH, 
Isocyclic  Series. 

^  COOh”  “■™‘“-'’-''y*“>’-P‘'enyl-proprionic  acid,  C.H.OH.CH.-CHNH^. 
PAenyfetoinc  or  a-ami„o-d-phenyl-proprionic  acid,  C.Hs.CH,.CHNH,.COOH 
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Heterocyclic  Series. 

ProZme  or  a-pyrrolkline-carboxylic  acid,  H2C - CH2 

H2C  CHCOOPI 

\/ 

NH 

Oxy-proline  or  oxy-a-pyrrolidine-carboxylic  acid,  IIOHC - CH2 

H2C  CHCOOH 

\/ 

NH 

Tryptophane  or  a:-amino-/:i-indol-proprionic  acid,  C  -CIU-CHNIR-COOH 

C6ll4<^^CH 

NH 

Histidine  or  a-amino-/::J-imidazol-proprionic  acid,  CII 

/\ 

IIN  N 

nG=C-CH2-CHNH2-COOH 

Other  Nitrogenous  Constituents. — Among  the  constituents  present 
in  minute  amount  in  some  foods  are  ammonia  and  nitric  acid.  These 
may  be  satisfactorily  determined.  Progress  has  also  been  made  in  the 
determination  of  free  amino  acids,  acid  amides,  and  peptides  in  vegetable 
products.  The  purine  bases  classed  as  alkaloids  occur  in  tea,  coffee,  and 
cocoa  and  also  in  meat  and  meat  extracts,  under  which  heads  they  are 
treated.  Results  on  creatine  and  creatinine  in  meat  extracts  have  also 
been  reported.  Of  the  nitrogenous  bases,  choline  and  betaine  in  small 
amount  are  widely  distributed  in  both  vegetable  and  animal  foods. 

The  nature  and  occurrence  of  various  nitrogenous  substances  are 
briefly  noted  under  the  heads  of  the  products  in  which  they  are  most  con¬ 
spicuously  present. 

Fat  and  Oil  (Ether  Extract). — In  the  case  of  most  cereals  and  oil 

* 

seeds  the  fat  or  oil  obtained  by  expression  is  practically  the  same  as  that 
extracted  by  ether  and  consists  chiefly  of  glycerides  of  the  fatty  acids 
together  with  small  amounts  of  free  fatty  acids,  cholesterol,  and  lecithin. 
The  fatty  acids  of  the  glycerides  may  consist  partly  of  those  low  in  the 
series,  beginning  with  butyric,  but  commonly  those  with  IG  and  18 
carbon  atoms,  both  saturated  and  unsaturated,  predominate.  Not  all 
the  lecithin  is  usually  extracted  with  ether  or  is  obtained  by  expression 
This  substance  is  considered  under  phosphorus-organic  compounds. 

The  ether  extract  of  green  leaves  and  other  organs  of  a  green  color 
contains,  in  addition  to  the  substances  named,  chlorophyl,  and  that  of 
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certain  products  such  as  pepper  contains  alkaloidal  substances.  Most 
of  the  spices  and  many  other  odorous  substances  contain  volatile  (essen¬ 
tial)  oil,  also  related  resinous  substances. 

From  these  brief  statements  it  is  obvious  that  ether  extract  differs 
greatly  in  its  composition  and  may  be  quite  unlike  fat  or  fatty  oil.  For 
our  purpose,  in  the  natural  foods  eaten  for  their  nutritive  constituents, 
not  merely  for  their  flavor,  the  term  fat  or  oil  is  used  to  represent  ether 
extract.  When  volatile  (essential)  oil  is  associated  with  non-volatile  oil, 
including  resins  as  well  as  fatty  oil,  figures  for  both  are  often  given. 
Further  discussion  of  volatile  oils  and  other  flavoring  substances  is 
reserved  for  Volume  III. 

The  following  fatty  acids,  combined  as  glycerides,  occur  in  foods: 


FATTY  ACIDS  OF  FOOD  FATS 


Acetic  Series  (C„Ho„02). 


Lignoceric,  C24H48O2. — Rape  and  other  cruciferous  seeds,  peanut,  soy,  sesame, 
sunflower,  maize. 

Behenic,  C22H44O2. — Rape  and  other  cruciferous  seeds. 

Arachidic,  C2C1H40O2. — English  walnut  (trace),  pecan  (trace),  peanut,  soy, 
cottonseed,  olive,  sesame,  sunflower,  maize,  cocoa. 

Stearic,  C18H36O2. — Solid  fats  and  most  oils. 

Palmitic,  C16H32O2. — Most  fats  and  many  oils. 

Myristic,  C14H28O2. — Palm  kernel,  cocoanut,  pecan  (trace),  English  walnut 
(trace),  rape  and  other  cruciferous  seeds,  pistachio,  cottonseed,  Brazil  nut, 
olive. 


Laurie,  C12H24O2.  Pine  nut,  palm  kernel,  cocoanut,  cocoa  (?). 
Capric,  CioH2o02 

Caprylic,  C8H16O2  •  Butter,  palm  kernel,  cocoanut. 

Caproic,  C6H12O2 
Butyric,  C4H8O2.— Butter. 


Oleic  Series  (C„H2n-202). 

Erucic,  C22H42O2.  Rape  and  other  cruciferous  oils,  cod-liver  oil. 
Oleic,  C18H34O2. — Oils  and  most  fats. 


Linolic  Series  (C„H2„-40J. 

Linolic,  C„H„02.— Pino  nut,  English  walnut,  pecan,  beechnut,  hemp  poppv 
rape  and  other  cruciferous  seeds,  almond,  peanut,  soy,  linseed  '^pili  nu^’ 
pstechio,  cottonseed,  Brazil  nut,  olive,  sesame,  sunflower,  mad’iaf 


Linolenic  Series  (C,H2.-c02). 

Linolenic,  C18H30O2. — English  walnut  beechnnf 
cruciferous  seeds,  soy,  linseed,  madi’a.  ’ 

Isohnolenic.—Ilemp,  linseed,  madia. 
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Clupanodonic  Series  (C„H2n-802). 

Clupanodonic,  C18H28O2. — Marine  oils. 

Nitrogen-free  Extract. — We  have  seen  that  both  protein  and  fat 
are  names  not  of  chemical  groups  but  of  mixtures  of  substances  alike 
merely  in  containing  nitrogen  and  in  being  soluble  in  ether  respectively. 
Nitrogen-free  extract,  taking  foods  as  a  whole,  merely  represents  sub¬ 
stances  that  do  not  fall  under  the  other  constituents,  together  with  errors 
of  determination  of  these  constituents.  In  cereals  and  other  starchy 
seeds  the  nitrogen-free  extract  consists  largely  of  starch,  sugars,  and  dex- 
trins  and  is  often  designated  carbohydrates,  a  most  unfortunate  usage  if 
for  no  other  reason  than  that  the  cellulose  of  fiber  is  a  carbohydrate. 
With  oil  seeds  containing  no  starch  the  nature  of  the  nitrogen-free 
extract  is  more  indefinite,  although  sugars  are  commonly  present,  and 
wdth  certain  green  fodders  and  non-starchy  vegetables  a  large  percentage 
is  of  substances  yet  to  be  carefully  studied. 

Nitrogen-free  extract  has  been  referred  to  as  the  dumping  ground. 
It  is  a  numerical  expression  of  our  ignorance  and  errors.  To  be  sure, 
it  is  nitrogen-free,  but  so  are,  practically,  fat  and  fiber;  it  is  an  extract, 
but  so  are  fat  (ether  extract)  and  the  water-soluble  ash  constituents. 
Hence  neither  the  term  “  nitrogen-free  ”  nor  “  extract, ’’  separately  or 
together,  is  distinctive. 

All  the  above  criticisms  could  be  avoided  by  substituting  for  the  term 
nitrogen-free  extract  “  undetermined  and  error.”  This  the  writers  do 
not  recommend,  since  nitrogen-free  extract  has  come  to  have  a  special 
significance  w'hich  in  cereal  products  at  least  is  a  close  approximation  to 
carbohydrates  other  than  fiber. 

A  step  in  the  path  of  simplification  would  be  to  abandon  the  lengthy 
term  nitrogen-free  extract  in  favor  of  a  coined  word  derived  from  it. 
The  authors  in  their  notes  and  conversation  have  adopted  “  nifext  ” — 
nineteen  letters,  a  hyphen,  and  a  space  reduced  to  six  letters — the 
derivation  and  meaning  of  which  should  be  evident  even  to  a  foreign 
reader.  Hy  its  use  every  heading  in  a  table  giving  the  six  constituents 
would  be  a  short  word.  The  writers,  hesitating  to  go  to  the  full  limit 
in  this  work,  have  employed  in  table  heads  the  abbreviated  form 
“  N-f.  ext.”  but  they  hope  that  this  will  be  a  stepping-stone  to  the 
coined  word  nifext. 

Carbohydrates. — Sugars,  starch,  and  pentosans  have  been  separately 
determined  ip  many  vegetable  products.  Here  again  the  results  often 
represent  groups  though  calculated  in  terms  of  one  constituent.  Non¬ 
reducing  sugars  are  commonly  calculated  as  sucrose ;  reducing  sugars,  as 
invert  (both  terms  being  often  used  interchangeably);  and  water- 
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insoluble,  acid-hydrolyzable,  also  water-insoluble,  diastase-hydrolyzable 
substances  as  glucose  (dextrose),  or  preferably,  in  vegetable  substances 
as  starch  and  in  animal  substances  as  glycogen.  In  some  instances 
sugars  are  calculated  as  glucose  (dextrose)  and  are  so  designated. 

The  following  list  was  compiled  from  data  given  by  Browne.^ 


CARBOHYDRATES  OF  FOODS 


Monosaccharides. 

Dimethyldioses  (C4H8O2). 

Dimethylglycolose,  CHa-CHOH-CO-CHa. — Occurs  in  vinegar. 

Trioses  (CsHeOs). 

Dioxyacetone,  CH20H-C0'CH20H. — Fermentation  product. 

Oxymethyltetroses  (CsHioOd- 

Apiose  or  /i-oxymethyltetrose,  (CH20H)2-C0H-CH0H -CHO. — A  constituent 
of  the  glucoside  apiin  of  parsley. 

Pentoses  (C5H10O5). 

l-Arahinose,  CH20H'HC0H-HC0H*H0CH’CH0. — Formed  by  hydrolysis  of 


araban. 


l-Xylose,  CH2OH -HOCH  •  HCOH  •  HOCH  •  CHO. — Formed  by  hydrolysis  of 


xylan. 


d-Ribose,  CH20H*H0CH-H0CH>H0CH-CH0. — Constituent  of  nucleic  acids. 
Methylpentoses  (CeH^Os). 

Rhamnose,  CH.-CHOH-HCOH-HOCH-HOCH-CHO,— Constituent  of  gluco- 


sides. 


Fu^se,  CHa-CHOH-HOCH-HOCH-HCOH  CHO—Formed  by  hydrolysis  of 


fucosan  of  seaweeds. 


Hexoses  (CeHiaOe). 


d-Glucose,  CH2OH  •  HOCH  •  HOCH  •  HCOH  •  HOCH  •  CHO 
d-M annose,  CH2OH  •  HOCH  •  HOCH  •  HCOH  •  HCOH  •  CHO. 


Disaccharides  (Ci2H220n). 


^  Handbook  of  Sugar  Analysis,  New  York,  1912. 


12 


INTRODUCTION 


Trehalose,  CeHuOs-O *06111106+21120. — Occurs  in  mushrooms  and  other  fungi. 

Lactose,  CeHuOe-O-CeHnOe+H^O. — The  carl)ohydrate  of  milk. 

Trisaccharides  (Ci+IsiOie). 

Raffinose  (melitriose  or  gossypose),  C6lIii06*0*C6lIio04*0*Cr,Hii06+5H20. — 
Occurs  in  beet  juice  and  cottonseed. 

Polysaccharides. — To  this  group  belong  xylan  and  araban,  both  assigned  tenta¬ 
tively  the  formula  (CellhOOn*  which  are  widely  distributed  in  nature  and 
are  the  mother  substances  of  the  pentoses  xylose  and  arabinose,  respectively, 
also  starch  (see  chapter  on  Starch),  dextrin,  mannan,  the  mother  substance 
of  mannose,  glycogm,  and  cellulose  with  the  general  formula  (CeHioOe).,- 
The  pectins  derived  Jrom  the  middle  lamella}  of  many  fruits  are  closely 
related  substances. 

Glucosides. — These  compounds  of  glucose,  or  less  often  galactose, 
fructose,  rhainnose,  or  pentose,  with  other  substances  occur  widely  dis¬ 
tributed  in  nature.  They  are  usually  water-soluble,  bitter  substances 
decomposed  by  special  enzjTues  into  their  constituents.  Armstrong  ^ 
classifies  them  according  to  their  non-carbohydrate  hydrolytic  products 
under  phenols,  alcohols,  aldehydes,  acids,  oxycoumarin  derivatives, 
oxyanthraquinone  derivatives,  oxyflavone  derivatives,  mustard  oils,  and 
various  other  groups. 

Some  contain  nitrogen,  others  both  nitrogen  and  sulphur,  but  the 
greater  number  only  carbon,  hydrogen,  and  oxygen.  Among  those 
occurring  in  foods  are: 


GLUCOSIDES 

Hesperidin  in  orange  peel,  yielding  rhamnose,  glucose,  and  hesperetin. 

Naringin  in  grapefruit,  yielding  rhamnose,  glucose,  and  narigenin. 

Amygdalin  of  bitter  almonds  and  related  seeds  and  vicianin  of  seeds  of  vetches, 
both  yielding  glucose  and  d-mandelonitrile  or  benzaldehyde  and  hydrocyanic  acid, 
according  to  the  enzyme. 

Apiin  in  celery  and  parsley  leaves,  yielding  apiose  and  apigenin. 

Sinalbin  of  white  mustard,  yielding  glucose,  sinapin  acid  sulphate  and  acrinyl 
(sinalbin)  isothiocyanate. 

Sinagrin  of  black  mustard,  yielding  glucose,  allyl  isothiocyanate,  and  j)otassium 
hydro-sulphate. 

Saponins  of  various  seeds,  yielding  glucose,  galactose,  and  sapogenins. 

Organic  Acids,  although  widely  removed  from  the  carbohydrates, 
are  included  in  the  nitrogen-free  extract.  They  are  not  present  in  appre¬ 
ciable  amounts  in  most  seeds,  whether  starchy  or  oily,  but  are  important 
constituents  of  practically  all  fruits  and  occur  also  in  other  parts  such  as 
the  petioles  of  garden  rhubarb  and  the  leaves  of  sorrel.  The  acid  may 
occur  partly  free  and  partly  combined.  In  products  of  neutral  reaction, 

1  The  Simple  Carbohydrates  and  Glucosides,  New  York,  1912. 
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the  presence  of  oxalate  crystals  is  unQiiestionable  proof  of  the  acid  in 
combined  form.  Recent  work  has  added  greatly  to  our  knowledge  of 
the  acids  of  fruits,  but  quantitative  determinations  of  the  different  acids 
when  several  are  present  together  are  often  meager  or  unsatisfactory. 

In  Volume  II,  both  the  common  acids  of  the  aliphatic  series  that  con¬ 
tribute  the  sour  taste,  notably  malic,  citric,  and  tartaric,  and  also  those 


of  the  aromatic  series  present  in  small  amount,  such  as  salicylic  and 
benzoic,  are  given  due  attention. 

Tannins  {Tannic  Acid). — Tannins  occur  widely  distributed  in  fruits, 
spices,  tea,  coffee,  and  cocoa.  They  form  a  non-nftrogenous  group 
characterized  by  solubility  in  water,  astringent  taste,  and  the  formation 
of  insoluble  substances  with  ^gelatin,  a  principle  long  utilized  in  tanning. 
The  common  reagent  for  the  detection  of  tannins  is  ferric  chloride  solu¬ 
tion,  with  which  they  give  a  blue  or  green  color.  This  color  reaction 
forms  a  basis  for  classification.  The  group  is  little  understood. 

Gallotanic  Acid,  the  best  known  of  the  group,  has  the  empirical 
formula  CuHioOg.  Its  exact  constitution  has  not  been  settled  but  it 
appears  to  consist  of  two  rings  with  two  or  three  hydrogens  of  each 
replaced  by  hydroxyls  and  with  two  additional  carbons,  of  which  one  at 
least  is  in  the  linkage.  On  acid  hydrolysis  it  yields  gallic  acid, 
CgH2(OH)3COOH  +  2H2O. 

Certain  tannins  with  dilute  acid  form  nearly  insoluble  brown  or  dark 
red  phlobaphenes,  believed  to  be  anhydrides.  This  term  is  loosely 
applied,  for  want  of  better  names,  to  insoluble  brown  cell  contents 
lacking  other  distinctive  characters. 

Fiber.  The  errors  of  crude  fiber  determinations  have  been  a  sub¬ 
ject  for  jest  among  chemists.  These  are  particularly  marked  when  the 
fiber  content  is  high,  as  in  coarse  cattle  food,  owing  especially  to  the 
presence  of  infiltrated  substances  such  as  the  lignin  of  woody  fibers, 
stone  cells,  and  other  sclerenchymatous  tissues,  the  suberin  of  cork,  and 
the  cutin  of  cuticles.  If  one  overlooks  the  fact  that  an  error  in  fiber 
causes  a  like  error  m  nitrogen-free  extract,  the  results  are  in  most 
instances  even  more  useful  than  if  they  represented  accurately  the 
amount  of  the  single  substance  cellulose.  Fiber  means  to  the  consumer 
man  and  beast,  roughage— organic  matter  that  defies  solution  on  boiling 
with  dilute  caustic  alkali  or  dilute  acid,  and  hence  is  not  hydrolyzable 

nUrogenin  The'fib  H  customary  to  determine 

nitrogen  in  the  fiber  and  make  a  suitable  deduction,  but  this  small 

correction  is  not  now  commonly  made.  “ 

Compounds.— In  addition  to  phosphoric  acid 
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one  or  two  of  the  groups  of  crude  constitutents,  have  received  special 
attention. 

Lecithins. — Members  of  this  group  consist  of  glycerol  with  two  bonds 
in  combination  with  fatty  acids  as  in  ordinary  fats  and  the  third  joined 
to  phosphoric  acid  which  in  turn  is  joined  to  the  nitrogenous  base 
choline.  Accordingly,  lecithins,  dismembered,  contribute  to  the  protein, 
fat,  and  ash  groups.  The  best-known  lecithin  with  stearic  acid  as  its 
fatty  constituent  has  the  formula  C44HooNPO.().  The  constitutional 
formula  with  the  names  of  the  radicles  follows: 

CH2 - 0(CisH350) 

stearic  acid  OH 

CH - 0(Ci8H3.,0)  N  =  (CH;03 

stearic  acid 

CH2— O - HPO2 - O— C2H4 

glycerol  phosphoric  acid  choline 


The  molecular  weight  of  lecithin  is  808;  the  factor  for  its  calculation 
from  the  phosphorus  is  26.03,  and  from  the  P2O5  is  11.38. 

Phytin  or  Phytic  Acid. — This  substance,  the  most  abundant  phos¬ 
phorus  compound  of  most  seeds,  consists  of  phosphoric  acid  combined 
with  inosite,  which,  although  having  the  formula  CgHi206  and  included 
in  the  nitrogen-free  extract,  is  not  a  carbohydrate.  Its  exact  constitu¬ 
tion  is  a  matter  of  controversy.  Anderson  holds  that  it  is  inosite  hexa- 
phosphoric  acid,  CgH6(0-H2P03)6,  whereas  Rather  believes  that  it  is 
inosite  pentaphosphoric  acid,  CgH5(OH)(0  •H2P03)5. 

Nucleic  Acids  (Nucleins). — Plant  or  yeast  nucleic  acid,  which  appears 
to  be  identical  with  the  tritico-nucleic  acid  of  wheat,  and  animal  or 
thymus  nucleic  acid  of  the  thymus  gland  are  two  distinct  members  of 
this  group  whose  constitution  is  now  apparently  well  established.  Both 
contain  phosphoric  acid  in  combination  with  a  carbohydrate,  two 
purines,  and  two  pyrimidines.  The  carbohydrate  of  plant  nucleic  acid 
is  pentose,  of  animal  nucleic  acid,  hexose.  The  purines  guanine  and 
adenine  form  part  of  both  the  plant  and  the  animal  acid,  as  is  true  also 
of  the  pyrimidine  cytosine.  The  other  pyrimidine  of  the  plant  acid  is 
uracil  and  of  the  animal  acid  is  thymine.  The  formulas  assigned  to  the 
two  substances  respectively  by  Levene  and  Jacobs  ^  and  Kossel,^  and 
the  names  of  the  groups  in  combination  follow:  ^ 

1  J.  Biol.  Chem.  1912,  12,  411. 

*  Arch.  Anat.  Physiol.  1893,  157. 

3  See,  also,  W.  Jones:  Nucleic  Acids,  New  York,  1914;  Levene  and  Bass: 
Nucleic  Acids,  New  York,  1931. 
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HPO3— CsHsOs— C5H4N5O 
I  pentose  guanine 

o 

PO2— CsHgOs— C5H4N5 

j  pentose  adenine 

o 

PO2— CsHsOs— C4H3N2O2 

I  pentose  uracil 

o 

HPO3— CsHsOa— C4H4N3O 

pentose  cytosine 

Plant  nucleic  acid 


'HPO3 - C6H10O4— C5H4N5O 

I  hexose  guanine 

0 

H2P04— C6H802— C5H5N202 

j  hexose  thymine 

0 

H2P04— C0H8O2— C4H4N30 

I  hexose  cytosine 

o 

HPO3 - CeHio04— C5H4N5 

hexose  adenine 

Animal  nucleic  acid 


Enzymes. — The  presence  of  enzymes,  the  catalysts  of  living  cells, 
is  responsible  for  many  changes  taking  place  during  growth,  ripening, 
and  storage  of  vegetable  foods.  Little  progress  has  been  made  in  isolat¬ 
ing  enzymes  in  a  state  of  purity  or  in  determining  their  chemical  con¬ 
stitution,  although  some  at  least  have  been  shown  to  be  related  to  the 
proteins,  but  much  has  been  learned  with  regard  to  their  action  on  cell 
contents.  The  leading  hydrolytic  enzymes,  classed  according  to  the 
substance  on  which  they  act,  follow:  ' 

(1)  Protein  or  Related  Substrate. — Proteases  hydrolyzing  directly  pro¬ 
teins;  peptidases  that  decompose  polypeptides;  various  enzymes,  such 
as  arginase,  that  act  on  amino  acids  derived  from  proteins. 

(2)  Fat  Substrate. — Lipases  or  esterases  that  split  the  glycerides  of 
fats  into  glycerin  and  acid. 

(3)  Carbohydrate  Substrate. — Diastase  or  amylase  utilized  since  early 
times  in  malting  and  the  most  studied  of  vegetable  enzymes;  maltase, 
dextrinase,  and  lactase,  acting  respectively  on  maltose,  dextrin,  and  lac¬ 
tose;  invertase  that  splits  sucrose  into  glucose  and  fructose. 

(4)  Glucoside  Substrate. ~ Amy gdalase  and  prunase,  the  enzymes  of 
emulsin  that  act  successively,  splitting  amygdalin  of  bitter  almonds 
with  eventual  formation  of  hydrocyanic  acid  and  benzaldehyde ; 
myrosin  that  splits  the  sinigrin  of  black  mustard  into  allyl  isothiocyanate 
and  potassium-hydrogen-sulphate  and  the  sinalbin  of  white  mustard 
into  sinapin  hydrogen  sulphate  and  sinalbin  isothiocyanate. 

In  addition  to  hydrolytic  enzymes  there  are  the  fermentation 
en^mes,  such  as  zymase  of  yeast,  also  the  oxidases,  reductases,  catalases 
and  special  enzymes,  each  attacking  a  certain  substance  and  producing 
<leflmte  chemical  change.  New  enzymes  are  being  discovered  from  time 
to  time,  and  the  subject  seems  destined  to  become  increasingly  com- 
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phcated  until  the  discovery  of  fundamental  principles  brings  about 
Simplification. 

Activators,  or  substances  essential  to  the  action  of  the  enzymes,  and 
antienzymes,  or  inhibitive  substances,  occurring  with  the  enzymes  are 
receiving  their  share  of  study. 

Animal  enz>Tnes,  analogous  to  certain  vegetable  types,  which  take 
part  in  the  digestion  of  food,  are  beyond  the  scope  of  this  work.  Those 
present  in  meat,  fish,  eggs,  and  milk  are  taken  up  under  these  heads. 

Ash.  Burned  to  whiteness  at  a  temperature  below  redness  the  ash 
is  assumed  to  contain  all  the  mineral  constituents  of  the  plant  and  none 
of  the  carbon,  hydrogen,  oxygen,  or  nitrogen  except  such  oxygen  as  is 
required  to  form  inorganic  salts  and  in  case  of  an  excess  of  bases  such 
carbon  and  oxygen  as  are  required  to  combine  with  the  excess  to  form 
carbonate.  During  burning,  part  of  the  sulphur,  chlorine  and  certain 
minor  constituents  may  escape.  The  ash  should  be  free  from  charcoal, 
but  sand  is  considered  a  part  of  the  total  ash,  at  least  it  must  be  included 
in  the  sum  to  be  deducted  from  100  in  calculating  the  nitrogen-free 
extract.  The  distinction  between  sand  from  spattered  mud  or  dust 
and  silica  from  chaff  and  other  parts  containing  silica  as  a  normal  con¬ 
stituent  is  not  always  sharply  marked.  It  has  been  considered  that  when 
the  ash  contains  carbon  dioxide  this  should  be  deducted  from  the  total 
ash,  otherwise  the  nitrogen-free  extract  will  be  too  low,  but  this  assumes 
that  the  carbon  was  derived  from  organic  combination — which  is  not 
certain  to  be  the  case.  The  sulphur  that  exists  as  sulphate  in  the  ash  was 
doubtless  present  in  the  plant  largely  as  a  constituent  of  protein  mol¬ 
ecules,  hence  theoretically  this  also  should  be  determined  and  deducted, 
i-'^^^ts  to  refine  the  scheme  of  ash  analysis  so  as  to  avoid  all  overlapping 
seem  futile  in  view  of  our  limited  knowledge  of  the  forms  in  which  the 
mineral  constituents  exist  in  the  plant  or  animal  tissues  and  the  con¬ 
siderable  errors  beyond  our  control. 

In  many  analyses  of  fruits  the  alkalinity  of  the  ash  is  given.  This 
value  runs  parallel  with  the  carbon  dioxide  content  and  is  useful  alike  to 
the  nutritionist  and  the  inspection  chemist. 

Mineral  Constituents.  I  he  ash  analyses  by  agricultural  chemists 
are  designed  chiefly  as  a  measure  of  soil  exhaustion.  They  serve  also  a 
most  important  purpose  in  calculating  the  amount  of  the  essential 
mineral  constituents  in  the  diet.  Under  each  product,  in  addition  to 
the  usual  analyses  showing  the  content  of  potash  (K2O),  soda  (Na20), 
lime  (CaO),  magnesia  (MgO),  iron  oxide  (Fe203),  phosphoric  acid 
(P2O5),  sulphuric  acid  (SO3),  silica  (Si02),  chlorine  (Cl),  and  in  some 
cases  carbon  dioxide  (CO2),  there  is  given  a  compilation  of  results  on 
the  minor  constituents  iron  (Fe),  alumina  (Al),  manganese  (Mn),  copper 
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(Cu),  zinc  (Zn),  arsenic  (As),  and  iodine  (I)  as  determined  during  recent 
years. 

In  earlier  analyses  and  many  recent  ones  the  results  (excepting 
chlorine)  are  in  terms  of  oxides;  in  some  recent  analyses,  however, 
they  are  in  terms  of  the  elements  or  less  often  ions.  The  percentages 
are  partly  calculated  to  the  original  substance,  whether  fresh,  air- 
dry,  or  water-free,  and  partly  to  the  ash  itself.  Some  analyses  on 
the  latter  basis  give  the  sand  and  carbon  dioxide,  whereas  others 
are  calculated  free  of  both,  the  constituents  other  than  these  adding 
to  100. 

The  writers  have  recalculated  a  considerable  number  of  analyses  to 
facilitate  comparison,  but  for  lack  of  data  this  has  not  been  done  in  all 
cases.  When  neither  the  content  of  carbon  dioxide  nor  alkalinity  of 
ash  is  given,  the  reader  must  make  a  laborious  calculation  in  order  to 
determine  whether  the  ash  is  neutral  or  alkaline.  In  general,  it  may  be 
stated  that  the  ash  of  seeds  is  neutral,  and  that  of  fruits  and  vegetables 
other  than  seeds  is  alkaline. 


Range  in  Composition. — Compilations  of  analyses  show  consider¬ 
able  variation  in  the  percentage  of  each  constituent  in  the  same 
product.  Excepting  high  percentages,  such  as  starch  in  cereals  and 
water  in  fruits  and  green  vegetables,  in  many  cases  the  ratio,  of  the 
minimum  result  to  the  maximum  is  as  wide  as  one  is  to  two  and  the 
variation  of  the  extremes  from  the  average  as  much  as  one-third. 
It  is  accordingly  obvious  that  the  average  composition,  as  given  in  a 
compilation,  is  merely  suggestive  and  cannot  be  accepted  as  a  close 
approximation  to  the  truth.  An  actual  analysis  is  essential  in  the 
accurate  calculation  of  dietaries,  in  commercial  valuation,  in  ofhcial 
inspection,  and  in  various  investigations. 

CabuUtion  of  Water-free  Analyses— One  of  the  chief  sources  of 
the  wide  range  in  the  percentages  of  the  individual  nutrients  is  the 
difference  in  water  content.  Even  carefully  cured  grain  shows  great 
variation  dependent  on  original  water  content,  climate,  method  of 
storing,  and  other  factors.  Strict  comparison,  where  the  question  of 
yield  or  total  weight  of  a  shipment  is  not  concerned,  should  be  made 

Ser  CO  t  ('™ter-free)  basis  or  the  basis  of  an  assumed  uniform 
n  en  .  verages  of  analyses  (not  minimum  and  maximum 
percentages)  may  be  calculated  readily  to  the  dry  basis  by  multiplying 

P-  -nt  oTd“y  Ittar 

cent  orwltr  Trom  100  by  subtracting  the  per 
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Bryant’s  ‘‘Chemical  Composition  of  American  Food  Materials  or 
may  be  calculated  from  the  average  analyses  (not  minimum  and  maxi¬ 
mum  figures)  by  the  following  formulas  based  on  Rubner’s  values: 

Calories  per  pound  =  18.6(P  +  C)  +  42. 2P 

Calories  per  100  grams  =  4.1(P  -h  C)  +  9.3P 

in  which  =  per  cent  of  protein,  C  per  cent  of  total  carbohydrates 
(nitrogen-free  extract  and  fiber),  and  F  per  cent  of  fat. 

These  formulas  assume  that  all  the  carbohydrate  matter  is  digestible, 
which  is  not  true  of  the  fiber. 

^  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1906,  Bui.  28  rev. 
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In  this  part  are  grouped  not  only  the  true  cereals — the  edible 
“  seeds  ”  (fruits)  of  the  grass  family — but  also  starch  seeds,  such  as 
buckwheat,  chestnut,  and  various  weed  seeds,  of  other  families,  which 
are  similar  in  composition  to  the  true  cereals  and  are  classed  as  cereals 
in  the  broad  sense.  This  use  of  the  term  cereals,  although  no  longer 
sanctioned  by  lexicographers,  is  still  retained  in  commerce,  at  least  as 
regards  buckwheats.  Sometimes  even  dry  legumes  are  included. 

The  term  starch  seeds  is  used  to  designate  those  seeds  and  dry  fruits 
that  contain  starch  as  the  chief  constituent,  and  not  those  which  may 
contain  an  amount  of  starch  which,  although  appreciable,  is  much  less 
than  that  of  the  oil.  Peanut  and  cashew  kernels,  for  example,  contain 
about  10  per  cent  of  starch,  but  the  presence  of  about  five  times  that 
amount  of  oil  places  them  definitely  in  the  oil  seed  category.  Overlook¬ 
ing  these  and  a  few  trivial  exceptions,  the  oil  seeds  described  in  Part  II 
of  this  volume  are  practically  starch-free;  the  starch  seeds,  on  the  other 
hand,  in  no  case  are  oil-free,  the  oil  content  ranging  from  1  or  2  to  about 
10  per  cent,  and  the  starch  content  ranges  with  few  exceptions  from  70 
to  over  90  per  cent  calculated  to  the  dry  basis.  However,  some  of  the 
starchy  nuts,  notably  the  chestnut  and  the  acorn,  have  a  portion  of  the 
starch  replaced  by  sugars  and  other  soluble  carbohydrates  so  that  the 
actual  amount  of  starch  is  only  about  50  per  cent.  This  lower  starch 
content  does  not  disqualify  them  from  being  ranked  as  starch  seeds, 
especially  as  their  oil  content  is  low. 

Black  and  white  pepper,  though  comparable  with  the  cereals  in 

starch  content,  obviously  belong  in  a  separate  category  by  reason  of 

their  pungent  qualities  that  unfit  them  for  satisfying  the  demands  of 
hunger. 


As  a  fitting  introduction,  the  initial  chapter  is  on  starch,  its  physi- 
logical  significance,  structure,  chemical  composition,  and  commercial 
varieties.  It  should  be  noted  that  the  source  of  some  of  the  varieties 
f  escribed  is  not  seeds  but  subterranean  organs,  but  this  inconsistency 
•seems  negligible  compared  with  the  greater  need  of  a  clear  understanding 
^  e  significance  of  starch  in  relation  to  the  group  of  seeds  that  fur 
nishes  man  and  beast  with  their  chief  source  of  LtrLent 

^  With  an  introductory  chapter  on  starch. 
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The  importance  of  starch  was  early  recognized  and  made  the  subject 
of  numerous  investigations — botanical,  physical,  and  chemical.  Niigeli 
in  his  classical  work  ^  studied  the  starch  in  no  less  than  2500  species  of 
plants,  both  as  to  its  microscopic  characters  and  its  reactions. 

Relation  of  Family  to  Starch  Content. — Starch  is  present  in  seeds 
of  flowering  plants  low  in  the  scheme  of  classification,  such  as  ginkgo 
and  pine,  the  latter  classed  with  oil  seeds,  and  is  abundant  in  the  seeds 
of  the  true  cereals  among  monocotyledons  and  of  buckwheats  and  vari¬ 
ous  weeds  among  dicotyledons.  In  seeds  of  the  orchids  and  composites,  the 
highest  families  of  the  two  classes,  as  well  as  of  many  lower  families, 
starch  is  entirely  lacking,  the  reserve  material  being  largely  in  the  form 
of  oil  and  protein  or  else  in  cell-wall  material. 

Function  of  Starch. — In  all  green  plants,  starch  is  the  first  demon¬ 
strable  product  of  assimilation  {assimilation  starch),  and  in  many  plants 
it  is  the  last  product  formed  before  they  enter  on  the  resting  season  or 
perish  with  the  frost.  Reserve  starch,  designed  for  the  plant’s  own  use,  is 
deposited  either  in  subterranean  parts — rhizomes  (Bermuda  arrowroot, 
curcuma),  tubers  (potato),  corms  (taro),  fleshy  roots  (cassava),  root 
tubers  (sweet  portato,  yam) — or  in  the  trunk  of  the  plant  (sago).  The 
starch  of  the  banana,  though  formed  in  much  the  same  manner  as  true 
reserve  starch,  serves  apparently  no  directly  useful  purpose  either  to 
parent  or  progeny,  the  seeds  of  the  common  species  being  abortive. 
Whether  or  not  the  plant  itself  survives  until  the  next  resting  season,  it 
usually  provides  for  the  nourishment  of  its  progeny  during  the  sprouting 
stage  and  before  green  leaves  form  by  depositing  in  the  seed  reserve  food 
of  which  reserve  starch  is  the  outstanding  example.  This  deposit  in  the 
seed  remains  practically  unchanged  until  the  sprouting  season,  when  it 
is  transformed  by  enzyme  action  into  soluble  carbohydrate  as  needed 
by  the  plantlet.  The  location  of  this  reserve  starch  n:ay  be  in  the 
embryo  itself,  chiefly  in  the  fleshy  cotyledons  (chestnut,  horn  cliestnut), 
in  the  endosperm  (cereals,  buckwheats),  or  in  the  perisperm  or  enlarged 
body  of  the  ovule  (pigweed,  lamb’s  quarters). 

Transitory  Starch,  an  intermediate  product  of  growing  points,  barks, 
and  immature  fruits  and  seeds,  need  not  here  be  considered. 

^  Die  Stiirkek”rner,  Zurich,  1858. 
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Formation  of  Starch— Schimper  ^  first  demonstrated  that  the  grains 
of  reserve  starch  are  not  deposited  directly  from  the  protoplasm  of  the 
cell  but  are  formed  from  leucoplasts,  microscopic  bodies  related  to 
chloroplasts  or  chlorophyl  grains  which  are  the  agents  in  the  formation 
of  assimilation  starch  in  the  green  leaf,  and  chromoplasts,  which  are  the 
color  bodies  of  flowers,  fruits,  and  roots.  Leucoplasts,  like  chromoplasts, 
are  active  in  the  dark;  chloroplasts,  however,  are  dependent  on  light. 

Structure  of  Starch  Grains.  Shape. — Arthur  Meyer  ^  has  shown 
that  when  ,a  starch  grain  is  developed  within  a  leucoplast  it  will  be 
rounded  on  the  surface  and  have  a  central  hilum  and  more  or  less  con¬ 
spicuous  circular  concentric  rings.  If  an  aggregate  is  thus  formed,  the 
individuals  will  of  necessity  have  flattened  surfaces  where  in  contact. 
If,  however,  the  formation  begins  on  the  side  of  a  leucoplast,  the  growth 
will  be  chiefly  on  that  side,  and  as -a  consequence  the  grain  will  be 
elongated  with  an  excentric  hilum  and  excentric  rings.  In  general,  it 
may  be  stated  that  when  the  grains  or  aggregates  of  different  sizes  are 
loose  in  the  cell  and  not  closely  crowded  they  are  rounded  in  outline, 
whereas  when  crowded  together,  either  in  aggregates  (rice,  oats)  or  in 
the  cell  masses  (maize),  they  are  polygonal  or  at  least  with  one  or  more 
truncations.  Individuals  of  an  aggregate  of  two  grains  have  one  trunca¬ 
tion  and  may  be  hemispherical  (kettledrum-shaped),  conoidal  (sugarloaf¬ 
shaped),  or  bulb-shaped;  those  of  aggregates  of  three  grains  have  two 
truncations,  and  so  on. 


The  following  classification,  according  to  shape  of  the  individual, 
covers  the  commonest  forms:  (I)  globular  (peanut,  floury  part  of  maize) ; 
(2)  lenticular  (large  grains  of  wheat,  rye,  barley) ;  (3)  ellipsoidal  (leg¬ 
umes),  (4)  pear-shaped  (potato,  canna,  banana,  Bermuda  arrowroot, 
yam,  horse  chestnut,  etc.);  (5)  truncated,  including  hemispherical  or 
kettledrum-shaped,  conoidal,  or  sugarloaf-shaped,  or  bulb-shaped  (cas¬ 
sava,  batata,  sago);  (6)  polygonal  (maize,  sorghum,  grains  from  interior 
of  aggregates  of  rice,  oats,  etc.);  and  (7)  bone-shaped  (latex  of  species 
of  Euphorbia).  Hemispherical  and  conoidal  grains,  when  resting  on 
their  flat  surface,  are  with  difficulty  distinguished  from  those  which  are 

g  obular,  hence  the  latter  term  is  well  avoided  when  truncated  forms 
occur  m  considerable  numbers.  • 


Si^e.-The  range  in  size  is  remarkable.  In  cockle  the  grains  are 
about  M  m  cliaineter,  whereas  in  Canna  lanuginosa  they  reach  170  m 

T  ^  “  subterranean 

parts  (canna,  potato,  Bermuda  arrowroot,  coontie).  Some  subter 

ranean  starches,  however,  have  minute  grains  less  than  10  m  (taro)  and 
'Bot.  Ztg.  1880,38,881.  ' 

2  Ibid.  1880. 
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Romo  seeds  have  medium-large  grains  (rye,  wheat,  legumes,  horn  chest¬ 
nut).  In  the  same  cell  with  large  grains  occur  those  of  small  or  even 
minute  size,  hence  it  is  customary  to  describe  separately  the  large  and 
the  small  grains  of  different  specie's. 

Hilum. — The  point  or  organic  center  about  which  the  starch  grain  is 
formed  in  successive  layers  is  known  as  the  hilum.  Usually  it  is  minute 
or  scarcely  recognizable,  but  in  some  starches,  such  as  maize,  it  appears 
to  be  of  considerable  size  or  is  clearly  located  by  radiating  fissures.  The 
hilum  of  leguminous  seeds  appears  to  be  elongated,  but,  as  will  be  brought 
out  in  the  description  of  the  seeds  of  that  family,  what  appears  to  be  an 
individual  grain  is  really  an  aggregate  of  two  grains. 

Rings  concentric  with  the  hilum  are  more  or  less  distinct  in  the  larger 
grains.  When  visible,  they  bring  out  clearly  the  location  of  the  hilum 
and  show  the  alternately  different  character  of  the  layers  forming  the 
grain.  The  difference  in  appearance  of  the  rings  is  believed  by  some  to  be 
due  to  difference  in  water  content,  by  others  to  difference  in  composition. 

Polarization  Phenomena  (Fig.  37). — With  crossed  Nicol  prisms  starch 
grains  show,  more  or  less  distinctly,  dark  bands  crossing  at  the  hilum 
which  contrast  with  the  otherwise  white  grain.  These  not  only  locate 
clearly  the  position  of  the  hilum  but  by  their  degree  of  distinctness 
furnish  diagnostic  evidence.  Some  starches,  such  as  wheat,  rye,  and 
barley,  show  little  contrast  between  the  crosses  and  the  illuminated 
portion  of  the  grain;  others,  such  as  potato  and  various  subterranean 
starches  and  maize,  give  a  cross  of  inky  blackness,  the  remainder  of  the 
grain  being  of  dazzling  whiteness.  Leguminous  starches  (Fig.  37,  IV) 
with  crossed  Nicols  show  two  dark  V’s,  one  at  each  end  of  what  appears 
to  be  a  single  grain,  joined  by  a  line  through  the  center,  hitherto  regarded 
as  marking  the  position  of  an  elongated  hilum.  In  reality  each  V  is  the 
polarization  cross  of  a  separate  grain  with  a  very  excentric  hilum. 

A  selenite  plate  used  in  conjunction  with  the  polarizing  apparatus 
brings  out  a  beautiful  play  of  colors  with  certain  starches,  such  as  canna 
and  potato,  that  show  distinct  polarization  crosses.  All  these  optical 
phenomena  go  to  show  the  crystalline  nature  of  starch  grains,  which  are 
regarded  as  doubly  refractive  sphaerocrystals. 

Chemical  Nature  of  Starch. — The  simple  formula  CoHioOs  adopted 
by  Liebig  a  century  since  still  holds  good  for  most  practical  purposes. 
There  is  evidence,  however,  that  the  true  formula  is  some  multiple  of 
the  simple  one.  The  English  chemists  Brown  and  Millar  ^  give  as 
their  idea  of  the  molecule  the  empirical  formula  (CoH  1005)200,  made  up 
of  four  maltan  groups,  (Ci2H2oOio)2o,and  one  dextran  group,  (CgHio05)40, 
each  of  complex  constitution. 

^  J.  Chem.  Soc.  Trans.  1899,  76,  333. 
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As  shown  by  Nageli,  granulose,  now  known  as  ^-amylose,  forming  by 
far  the  greater  part  of  the  starch  grains,  dissolves  in  saliva  or  malt 
extract  leaving  a  delicate  skeleton  of  amylocellulose  (starch  cellulose) 
now  known  as  a-amylose.  Arthur  Meyer  ^  states  that  these  two  com¬ 
pounds,  both  staining  blue  with  iodine  in  potassium  iodide,  are  isomers 
as  is  also  the  amylodextrin  of  Tschirch,  occurring  in  maize  and  else¬ 
where,  which  stains  red  with  the  iodine  reagent.  Certain  kinds  of 
starch  which  stain  reddish  blue  are  assumed  to  contain  an  admixture  of 

t  / 

amylodextrin. 

Since  the  World  War  much  work  on  the  chemistry  and  composition 
of  starch  has  been  conducted  in  European  laboratories.  Although  some 
disintegration  products  of  starch  have  been  identified  and  addition 


products  of  these  have  been  prepared  by  acetylation,  halogenation,  and 
in  other  ways,  little  advance  has  been  made  in  determining  the  constitu¬ 
tion  of  starch  itself.  Overlooking  traces  of  amylocellulose,  starch  has 
come  to  be  regarded  as  a  mixture  of  amylose  and  amylopectin,  the  latter 


containing  H3PO4  in  its  molecule.  The  small  amount  of  ash  in  starch 
formerly  was  classed  as  an  impurity.  Possibly  the  method  of  ashing 
caused  a  loss  of  part  of  the  phosphorus. 

Ling  and  Nanji  “  state  that  potato  and  arrowroot  starch  consist 
practically  entirely  of  amylose  and  amylopectin,  which  they  prepare  as 
follows;  starch  in  fibrous  form  is  precipitated  from  starch  -paste  by 
allowing  it  to  stand  10  to  12  hours  at  0°  C.,  and  amylopectin  is  separated 
from  the  more  soluble  amylose  of  the  starch  by  keeping  at  a  temperature 
just  short  of  gelatinization.  On  drying,  the  amylopectin  forms  trans¬ 
parent  scales.  Amylose  is  separated  from  the  solution  by  evaporation 
and  precipitation  with  alcohol.  Amylopectin  gives  a  blue-black  pre¬ 
cipitate  with  iodine  in  potassium  iodide;  amylose,  a  bright  blue  solu- 
sion.  The  former  is  considered  to  be  a  phosphoric  acid  ester  of  «, 

Sterifier  ^-linkings  being 


Steingroever  3  obtained  amylopectin  triacetate  by  acetylating  amvlo 

.he  ,0,..*,  .;rr.  s,  s 

^  Unters.  die  Starkekorner,  Jena,  1895. 

^  J.  Chem.  Soc.  1923,  123,  2666 

:  f  '352,  published  in  Pringsheim’s  series 

J.  Chem.  Soc.  1925,  127,  629,  652. 
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66.3,  barley  68.2,  and  rice  66.2.  In  the  case  of  arrowroot  and  potato 
starch,  the  remainder  of  the  starch  consists  of  amylopectin.  If  amylo- 
dextrin  is  present  it  changes  with  diastase  to  a,  /3-hexaamylose.  Certain 
starches  contain  amylohemicellulose,  believed  to  be  a  lime-magnesia  or 
iron  salt  of  a  silicic  ester  derived  from  a-hexaamylose,  as  follows:  rice 
19.15,  wheat  10,  and  barley  7.68  per  cent. 

Meyer,  Hopff,  and  Mark  ^  are  convinced  that  maltose  exists  in  some 
form  in  the  starch  molecule,  since  it  is  a  product  of  several  distinct 
reactions  both  enzymic  and  purely  chemical,  but  are  uncertain  whether 
/3-unions  alternate  with  a.  A  series  of  complicated  reactions  takes  place 
during  hydrolysis,  only  the  last  of  which — the  hydrolysis  of  maltose — is 
understood.  They  state  that  amylopectin  is  crystalline  but  that  amylose 
.  is  not. 

Pringsheim  and  Wolfsohn  ^  depolymerized  amylose  into  a  disac¬ 
charide  and,  amylopectin  into  a  trisaccharide,  both  changes  being  in 
harmony  with  the  idea  that  the  basic  unit  of  amylose  must  contain 
at  least  two  and  that  of  amylopectin  at  least  three  dextrose  residues. 

Pringsheim  ^  later  states  that  the  commonly  accepted  view  that 
maltose  residues  constitute  the  starch  molecule  is  confirmed  by  the  dis¬ 
covery  that,  after  maltose  formation  with  amylase  stops  at  80  per  cent, 
it  may  be  continued  to  nearly  ICO  per  cent  by  utilizing  the  complement 
present  in  yeast. 

Other  valuable  investigations,  chiefly  on  the  derivatives  of  starch, 
have  been  carried  out  in  the  laboratories  of  Pringsheim,  Karrer  and 
Pictet,  and  various  formulas  for  the  constituents  of  the  starch  grain 
have  been  suggested. 

Zwikker  in  1921  stated  that  our  knowledge  of  the  constitution  of 
starch  is  limited  to  its  empirical  formula  and  the  fact  that  it  consists 
of  a  mixture,  one  constituent  of  which  contains  H3PO4.  He  later  ^ 
submits  three-dimension  models  formed  by  rods  representing  hexose 
molecules  with  knob-ends  marking  the  position  of  the  CO  group. 
Starch  is  shown  as  a  tetrahedron,  cellulose  as  a  triangular  prism. 

Even  as  late  as  1926  Peiser  ^  returned  to  the  idea  that  starch  is  an 
individual  substance  of  much  simpler  constitution  than  now  commonly 
believed  with  about  1  per  cent  of  impurity,  consisting  of  calcium  phos¬ 
phate,  silica,  and  nitrogenous  matter,  which  he  considers  forms  a  coating 
on  the  surface  of  the  grains.  By  acetylating  dried  starch  paste  in  the 

1  Ber.  1929,  62B,  1103. 

2  Ibid.  1924,  67B,  887. 

3  Ibid.  p.  1581. 

*  Rec.  trav.  chim.  40,  605. 

3  Ibid.  1922,  41.  49. 

®  Z.  physiol.  Chem.  1926,  161,  210. 
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cold,  a  product  containing  eight  monosaccharides  and  twenty-six  acetyl 
groups  was  prepared. 

Still  more  recently,  Pringsheim  and  Will  ^  are  forced  to  the  admission 
that  no  successful  degradation  of  starch  to  the  building  stones  has  yet 
been  accomplished. 

Properties  of  Starch. — On  boiling  with  water,  starch  swells  and 
passes  into  colloidal  solution.  It  dissolves  in  potassium  or  sodium 
hydroxide  solution,  hence  the  use  of  this  reagent  in  clearing  mounts  for 
observation  of  the  cellular  residue. 

On  hydrolysis  with  diastase  or  saliva  at  40°  C.,  starch  passes  into 
maltose  (Ci2H220),  and  by  boiling  with  dilute  acid  it  changes  through 
a  series  of  dextrins  into  maltose  and  finally  into  glucose.  Heated  dry 
at  150  to  160°  C.,  starch  is  converted  into  dextrin. 

The  iodine  reaction  has  been  used  since  early  in  the  nineteenth  cen¬ 
tury.  The  reagent  commonly  is  prepared  by  dissolving  0.05  gram  of 
iodine  and  0.2  gram  of  potassium  iodide  in  15  cc.  of  water,  but  the 
exact  strength  is  unimportant.  The  blue  color  appears  with  a  minute 
amount  of  the  reagent.  Tincture  of  iodine  also  gives  a  blue  color  if 
water  is  added  to  the  dry  starch  or  the  starch  is  made  into  a  paste. 
Alkali  discharges  the  color  but  neutralization  with  acid  causes  it  to 


reappear. 


It  has  been  generally  held  that  the  blue  color  of  starch  treated  with 
iodine  in  potassium  iodide  is  an  adsorptive  phenomenon,  but  Bergmann 
and  Bergmann  and  Ludewig  2  present  evidence  that  points  to  the  forma¬ 
tion  of  a  compound  containing  both  iodine  and  potassium  iodide.  This 
view  has  been  confirmed  by  Pringsheim  and  Steingroever.^ 

Gelatinization  of  Starch.  Lippmann  and  other  chemists  have 
devoted  considerable  attention  to  the  temperature  of  gelatinization  of 
different  starches.  In  Lippmann’s  table  are  given  the  temperatures  at 


which  swelling  is  first  noted,  at  which  gelatinization  begins,  and  at  which 
gelatinization  is  complete.  For  example,  the  temnprnt,nrp« 


fe— — vviiereas  wneat  required  24. 


^  Ber.  1928,  61B,  2011. 

*Ibid.  1924,  67B,  753,  961. 

®  Ibid.  p.  1579. 

^Z.  Unters.  Nahr.-Genussm.  1912,  24,  673. 
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Alsberg  and  Rask,^  working  with  wheat  and  maize  starch,  found  that 
the  viscosity  increases  gradually  through  25  to  30°,  and  that  there  is 
probably  no  definite  temperature  of  gelatinization. 

Lenz  ^  depends  on  the  time  required  for  the  swelling  of  the  grains  in 
a  solution  of  sodium  salicylate  (1  :  11)  at  ordinary  temperatures.  A 
drop  of  the  solution  is  placed  on  a  cover  glass,  a  small  amount  of  a  pasty 
mixture  of  starch  and  water  is  added,  the  cover  glass  is  inverted  on  a 
vaselined  ring  attached  to  a  slide  and  the  changes  in  the  starch  in  this 
wet  chamber  are  observed' under  the  microscope.  In  10  to  15  minutes 
the  grains  of  rye  starch  begin  to  swell,  as  shown  by  the  disappearance  of 
polarization  crosses,  and  after  1  hour  are  mostly  swollen,  whereas  the 
grains  of  wheat  starch  in  1  hour  show  little  change  and  in  24  hours 
for  the  most  part  still  hold  their  shape  and  show  polarization  crosses. 

Rontgen  Spectrum  of  Starches. — All  native  starches  have  different  and 
characteristic  spectra,  according  to  Katz  and  co-workers,^  which  change 
during  baking  or  paste  formation.  The  first  stage  of  paste  formation  with 
swelling  of  the  grains  is  brought  about  by  heating  wheat  starch  with  a 
large  amount  of  water  to  60  to  62.5°  C.  or  with  a  small  amount  of  water 
to  100°  C.  as  in  baking.  The  second  stage,  with  formation  of  sacs  filled 
with  the  starch  solution,  results  when  a  large  amount  of  water  is  used 
and  the  temperature  reaches  100°  C.  The  spectra  in  the  first  stage  are 
markedly  different  but  in  the  second  stage  show  retrogradation,  much 
alike  in  all  varieties,  approaching ‘those  of  the  unheated  starch  of  the 
potato  and  caima  group.  Gelatinization  phenomena  by  sodium 
hydroxide  of  different  strengths  are  analogous  to  the  stages  in  the  mercer- 
ization  of  cellulose.  Changes  in  the  llcntgen  spectra  are  also  produced 
by  drying. 

COMMERCIAL  STARCHES 

Of  the  numerous  starchy  foods  only  a  comparatively  few  are  suited 
for  the  manufacture  of  starch.  Several  factors  are  taken  into  considera¬ 
tion,  such  as  the  raw  material  available  in  each  region,  the  starch  con¬ 
tent  and  yield,  and  the  quality  of  the  starch,  especially  as  measured  by 
its  taste  and  physical  properties.  On  the  Continent  wheat  and  potato 
are  the  most  important  starches;  in  England,  rice  starch  takes  the  lead; 
in  the  United  States,  corn  starch  is  made  to  the  practical  exclusion  of 
all  others.  Cassava,  sago,  curcuma,  yam,  canna,  maranta,  tacca,  and 
some  other  varieties  are  made  in  the  tropics  or  subtropics. 

Although  description  of  all  the  varieties  that  have  been  mentioned 
in  the  literature  was  found  impracticable  because  of  the  difficulty  of 

^  Cereal  Chem.  1924,  1,  107. 

2Z.  offent.  Chem.  1909,  20,  224. 

3  Z.  physik.  Chem.  1930,  A  160,  37,  et  seq. 
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securing  authentic  material,  the  writers,  through  the  generous  assistance 
of  friends  abroad  and  in  the  Bureau  of  Plant  Industry  of  the  U.  S. 
Department  of  Agriculture,  have  been  able  to  collect  data  on  thirty-six 
varieties,  some  of  which  appear  to  have  escaped  the  notice  of  authors  of 
works  on  microscopy.  Among  the  unusual  varieties  are  the  starches 
from  the  horn  chestnut  and  the  water  chestnut  of  China  and  the 
araucaria  of  Brazil,  all  with  unique  characteristics. 

The  variety  of  forms  of  the  starch  grains  present  in  some  of  the 
starches  is  so  great  as  to  baffle  description,  hence  only  a  few  which  appear 
to  be  most  common  are  mentioned.  In  this  particular,  the  cuts  will  be 
found  more  illuminative  than  the  text.  Only  the  maximum  size  of  the 
grains  is  given,  and  this  with  some  misgivings,  as  samples  of  unques¬ 
tioned  authenticity  show  considerable  variation.  The  excentricity  is 
expressed  as  a  ratio,  the  two  members  of  which  represent  the  relative 
distances  of  the  hilum  from  the  two  ends. 

POTATO  STARCH. — The  tubers  of  the  common  or  Irish  potato. 
Solarium  tuberosum  L.  {Solanacese) ,  yield  a  starch  formerly  important 
commercially  in  the  United  States  but  now  largely  displaced  by  maize 
(corn)  starch.  It  is  still  made  in  Europe  and  is  used  to  some  extent  for 
food,  in  the  manufacture  of  glucose,  and  in  the  arts.  The  process  of 
manufacture  is  quite  simple,  involving  merely  grating  of  the  tubers, 
washing  on  sieves,  settling,  and  drying  the  moist  starch.  The  individual 
grains  are  visible  to  the  naked  eye. 

Microscopic  Structure  (Plate  I,  Fig.  1). — Large  grains  ellipsoidal, 
ovoid,  or  irregularly  lobed,  narrow  end  uniformly  rounded,  opposite  end 
rounded,  truncated,  blunt-pointed,  or  notched,  length  up  to  100  /z; 
medium  large  grains  sometimes  in  aggregates;  hilum  distinct,  usually 
in  narrow  end,  occasionally  double,  excentricity  1  :  3  to  1  :  6 ;  rings  and 
polarization  cross  (Fig.  37)  very  distinct,  brilliant  play  of  colors  with 

selenite  plate.  Small  grains  rounded,  sometimes  in  aggregates  of  two 
or  three  individuals. 

Description  is  of  starch  from  fresh  tuber  and  commercial  starch. 

Chemical  Composition.— Konig  i  compiled  14  analyses  showing 
the  I  olio  wing  range:  ° 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min .... 

% 

13.34 

22.42 

*  r 

% 

0.15 

1.88 

% 

0.02* 

% 

% 

% 

Max . 

76.07t 

0.02* 

0.19 

- - - 

0.07* 

82.92t 

0.14* 

1.68 

*  5  Samples.  f  7  Samples. 


‘  Chem.  mensch.  Nahr.-Genussm.  Berlin,  1903,  1,  655. 
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PLATE  I 


Fia.  1  Potato 
4  Curcuma 
7  Banana 
10  Chestnut 


Fig.  2  Canna 

5  Frittilaria 
8  liOtus  Rhizome 
11  Horse-Chestnut 


Fig.  3  Maranta 
6  Yam 
9  Clinogyne 
12  Sago 
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Obviously  the  samples  with  high  protein  and  ash  content  were  not 
properly  purified. 

Winton  ^  in  potato  starch,  made  by  him  with  special  care  without 
the  use  of  chemicals,  found:  water  15.17  and  ash  0.62  per  cent. 

CANNA  STARCH  also  known  as  Queensland,  New  South  Wales, 
or  East  Indian  arrowroot  or  tout-les-mois,  is  made  from  the  rhizomes  of 
Canna  edulis  Edw.,  C.  coccinea  Rose.,  C.  indica  L.,  C.  Achiras  Gill, 
and  other  species  of  the  genus  Canna  {M arantacex)  growing  in  Australia, 
the  East  Indies,  Brazil,  Venezuela,  Reunion,  and  other  warm  regions. 
The  individual  starch  grains  are  the  largest  found  in  natural  products 
used  as  food  and  are  clearly  evident  without  a  lens. 

Microscopic  Structure  (Plate  I,  Fig.  2). — Large  grains  broadly  oval 
or  ovoid,  hilum  end  usually  with  blunt  obtuse  angle  between  two 
shoulders,  opposite  end  broader,  well  rounded,  length  up  to  145 
hilum  distinct,  sometimes  double,  excentricity  up  to  1:7;  rings  dis¬ 
tinct;  polarization  cross  very  distinct,  play  of  colors  exceptionally 
brilliant.  Small  grains  similar  to  large,  seldom  in  aggregates. 

Description  is  of  starch  exhibited  at  Centennial  Exposition,  Phila¬ 
delphia,  1876. 

Chemical  Composition. — The  undried  rhizome  grown  in  Hawaii 
contained,  according  to  Ripperton  and  Goff  2;  water  77.3,  protein  0.49, 
fat  0.08,  nitrogen-free  extract  19.2,  fiber  2.4,  ash  0.6,  potash  (K2O)  0.19, 
lime  (CaO)  0.07,  and  phosphoric  acid  (P2O5)  0.15  per  cent.  No  analysis 
of  the  starch  is  at  hand. 


MARANTA  STARCH,  also  known  as  Bermuda,  Jamaica,  St.  Vin¬ 
cent,  Natal,  and  West  India  arrowroot,  prepared  from  Maranta  arundi- 
nacea  L.  {Alavantaccsd) ,  was  formerly  the  only  starch  known  as  arrow- 
root,  but  now  several  starches  pass  under  that  name.  The  process  of 
manufacture  is  like  that  described  under  potato  starch.  This  arrowroot 
is  prized  for  making  invalid  gruels  but  is  now  largely  displaced  by  a 
superior  grade  of  maize  starch. 

Microscopic  Structure  (Plate  I,  Fig.  3).-Large  grains  exceedingly 
variable  in  shape,  ovoid,  spindle-shaped,  rounded-triangular,  etc  often 
with  protuberance  on  side,  length  up  to  60  p;  hilum  variously  located, 
oiten  with  two  fissures  suggesting  soaring  bird,  excentricity  of  large 
grains  about  1:4;  rings  distinct;  polarization  cross  and  play  of  colors 
with  selenite  plate  striking;  aggregates  of  medium-sized  grains  some- 
times  present.  Small  grains  characterless. 

delphirS”  exhibited  at  Centennial  Exposition,  Phila- 


^  J.  Anal.  Chem.  1888,  2,  149. 

*  Hawaii  Agr.  Exp.  Sta.  1928,  Bui.  67. 
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CURCUMA  STARCH. — Other  names  are  East  India  or  Travencore 
starch,  Tik,  Tikor,  and  Tikur.  T he  starch  is  obtained  from  the  rhizomes 
of  Curcuma  angustifolia  Koxb.,  C.  Leucorrhiza  Koxb.,  C.  rubescens 
Roxb.,  and  other  species  of  the  genus,  which  together  with  turmeric 
(C.  loriga)  and  ginger  belong  to  the  order  Zingiheraceae. 

Microscopic  Structure  (Plate  I,  Fig.  4). — Large  grains  often  greatly 
elongated,  pear-shaped,  sack-shaped,  or  club-shaped,  much  narrowed 
at  one  end,  length  up  to  75  hilum  often  close  to  the  narrow  end, 
excentricity  seldom  less  than  1  :  6  and  reaches  1  :  15  or  over;  rings  dis¬ 
tinct,  also  polarization  cross  (Fig.  37)  and  play  of  colors  with  selenite  plate. 

Description  based  on  material  furnished  by  Lt.-Col.  Sir  David  Prain, 
I.M.S.,  M.B.,  LL.D.,  etc..  Director  of  Royal  Botanic  Gardens,  Kew, 
England. 

FRITTILLARIA  STARCH. — The  bulb  of  the  crown  imperial, 
Frittillaria  imperialis  L.  {Liliacese),  is  rich  in  starch  which  is  said  to  be 
extracted  in  certain  parts  of  France  for  local  use. 

Microscopic  Structure  (Plate  I,  Fig.  5). — Large  grains  nearly  iso- 
diametric,  narrow  end  blunt-pointed,  broad  end  well  rounded,  length  up 
to  90  hilum  in  blunt  point;  excentricity  1  :  3  to  1  :  6;  rings  evident; 
polarization  phenomena  as  in  canna.  Small  grains  often  in  small 
aggregates. 

Description  is  of  starch  extracted  from  garden  bulb. 

YAM  STARCH. — The  rhizome  of  Dioscorea  alata  L.  (Dioscoraceae) 
is  the  chief  source  of  this  starch.  Other  species  yielding  commercial 
starch  are  D.  saliva  L.,  1).  aculeata  L.,  D.  glabra  Roxb.,  D.  japonica 
Thbg.,  D.  nummularia  Lam.,  and  D.  tomentosa  Koenig. 

Microscopic  Structure  (Plate  I,  Fig.  6). — Large  grains  ellipsoidal  or 
elongated  ovoid,  one  end  often  narrow  and  bent,  broad  end  rounded  or 
rounded-truncated,  length  up  to  55//;  hilum  in  narrow  end,  excentricity 
1  :  3  to  1  :  7;  rings  evident;  polarization  phenomena  striking. 

Grains  of  D.  trifida  with  narrow  end  broader,  indistinctly  bent,  broad 
end  with  rounded  truncation,  up  to  85  //  long. 

Description  is  of  starch  exhibited  at  Centennial  Exposition,  Phila¬ 
delphia,  1876. 

BANANA  STARCH  is  made  from  the  fruit  of  both  the  true  banana 
and  the  plantain,  both  being  species  of  Musa  {Musacese).  Since  the 
starch  is  changed  to  sugar  during  ripening,  only  the  green  fruit  is  suited 
for  starch  manufacture.  Tropical  America  is  the  chief  region  of 
production. 

Microscopic  Structure  (Plate  I,  Fig.  7). — Large  grains  much  elongated  ' 
sausage-,  sack-,  pear-,  or  sickle-shaped,  length  up  to  85  //;  hilum  usually 
in  narrow  end,  excentricity  1  :  6  to  1  :  10;  rings  distinct;  polarization 
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plienomena  pronounced.  Small  grains  often  in  aggregates  of  two  or 


three. 

Description  is  of  starch  from  green  banana. 

LOTUS  RHIZOME  STARCH. — This  starch,  from  Nelumho  nucifera 
Gaertn.  {Nymphxacex),  is  made  in  the  Orient. 

Microscopic  Structure  (Plate  I,  Fig.  8). — Large  grains  much 
elongated,  one  end  usually  rounded,  other  end  rounded-truncated,  some¬ 
times  with  excrescence  on  side,  length  up  to  100  fx;  hilum  in  rounded  end, 
excentricity  about  1:5;  rings  distinct;  polarization  phenomena 
marked.  Small  grains  isodiametric,  often  in  aggregates  of  two  or 
more. 

Description  is  of  starch  from  rhizomes  furnished  by  Dr.  Mantaro 
Kondo,  Director  of  Ohara  Institute,  Kuraschiki,  Japan,  and  from 
Chinese  Quarter,  New  York  City. 

CLINOGYNE  STARCH. — Rhizomes  of  Clinogyne  dichotoma  Salsb. 
(Marantacex),  a  native  of  Asia  but  also  grown  in  Liberia  and  other 
parts  of  Africa,  yield  a  commercial  starch. 

Microscopic  Structure  (Plate  I,  Fig.  9).— Large  grains  mostly  ovoid, 
sometimes  with  protuberances  on  side,  length  up  to  55  y ;  hilum  usually 
in  broad  end,  often  with  clefts,  excentricity  1  :  1  to  1  :  6;  rings  usually 
distinct;  polarization  phenomena  brilliant.  Small  grains  sometimes  in 
small  aggregates. 

Description  is  of  starch  from  the  New  York  Botanical  Garden. 

CHESTNUT  STARCH  is  made  from  the  European  chestnut,  Cas- 
tanea  saliva  Mill.  (Fagacese) . 

•  Microscopic  Structure  (Plate  I,  Fig.  10).— Large  grains  commonly 

pear-shaped,  ovoid  or  irregular,  length  up  to  24  hilum  central  or  in 

broad  end;  excentricity  1  :1  to  1  : 5;  rings  not  conspicuous;  polarization 

cross  distinct  but  not  striking.  Small  grains  isodiametric,  often  in  small 
aggregates. 

from  '^h'^stnut  flour  imported 


S^^^H.-Xhis  starch  as  commonly  pre- 
pared  from  zEscaius  Hippocastanmn  L.  (.Hippocastarmces,)  is  bitter  but 
doubtless  could  be  purified  so  as  to  be  suited  for  food. 

Microscopic  Structure  (Plate  I,  Fig.  11).— Similar  to  chestnut  starch 
but  with  large  and  more  irregular  trains  T  nrcro 

—  I  m..  o, 

broad  end,  sometimes  obscured  by  clefts  as  in  leo-^ 
polarization  cross  not  conspicuous  sLll 
isodiametric,  often  in  aggregates  of  two  or  three 

ascription  is  of  starch  from  the  Centennial  Exposition,  Phila- 


34 


STARCH 


delphia,  1876,  from  the  collection  of  Prof.  C.  W.  Ballard,  New  York 
College  of  Pharmacy,  and  direct  from  the  nut. 

SAGO  STARCH. — Enormous  quantities  of  starch  are  separated 
in  India  and  the  East  Indies  from  the  pith  of  palms  and  cycads,  notably 
Metroxylon  Rurnphii  Mart.  {Sagas  Riimphii  Willd.)  and  M.  lave  {S. 
Ixvis  Humph.).  Species  of  secondary  importance  are  M.  Sagas,  M. 
Koenigii  Humph.,  Areriga  saccharifera  Labill,  Borassus  Jlahellifcrmis  L., 
Caryota  urens  L.,  Cycas  revoluta  L.,  and  others.  The  process  of  separa¬ 
tion  is  essentially  the  same  as  used  for  subterranean  varieties.  Both  the 
starch  and  pearl  sago  are  made,  the  latter,  analogous  to  pearl  tapioca, 
consists  of  coarse  granules  of  the  moist  starch  heated  until  they 
agglutinate. 

Microscopic  Structure  (Plate  I,  Fig.  12).— Large  grains  irregular  in 
shape  with  one  or  more  sharply  defined  truncations  on  surfaces  once  in 
contact  with  other  grains  in  an  aggregate,  diameter  up  to  80  ^u;  hilum 
in  the  rounded  end,  sometimes  with  clefts;  excentricity  1  :  3  to  1  :  5; 
rings  distinct;  polarization  cross  sharply  defined.  Small  grains  similar 
to  large  grains  in  form.  The  product  when  made  by  primitive  methods 
may  contain  raphides,  crystal  rosettes,  cell  detritus,  etc.  In  pearl  sago 
the  starch  grains  are  more  or  less  distorted  owing  to  the  heating. 

Description  is  of  commercial  sago. 

Chemical  Composition.— Greshoff,  Sack  and  Van  Eck  ^  found  in  4 
samples  of  sago: 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

14.45 

10.24 

% 

0.13 

1.12 

% 

0.10 

0.19 

% 

78.10 

84.87 

% 

0.13 

0.41 

% 

0.10 

0.72 

MAIZE  STARCH.— The  separation  of  “  green  ”  or  moist  starch 


from  the  maize  kernel,  Zen  Mays  L.  {Graminex),  is  conducted  on  a  large 
scale  in  the  United  States  preliminary  to  purification  for  technical, 
laundry,  or  food  use  and  the  manufacture  of  commercial  glucose  and 
other  saccharine  products.  The  process  is  in  some  respects  similar  to 
that  of  gradual  reduction  in  flour  milling,  differing  in  that  the  grain 
softened  by  soaking  in  warm  water  containing  a  little  sulphurous  acid 
is  ground  while  moist,  and  the  starch  is  separated  from  the  germ,  bran, 
and  other  impurities  by  washing  on  sieves  and  passing  through  tanks  of 
water  where,  by  reason  of  its  greater  specific  gravity,  it  settles  out  from 


1  Konig,  Chem.  mensch.  Nahr.-Genussm.  1903,  1,  1488. 
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PLATE  II 
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Fig.  13  Maize 
16  Cassava 
19  Arum 
22  Taro 


Commercial  Starches.  X160.  (A.L.V7.) 

Fig.  14  Rice 

17  Sweet  Potato 
20  Arracacha 
23  5"autia 


Fig.  15  Kudzu 
18  Tacca 
21  Bean  Tree 
24  Yam  Bean 
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the  proteins.  The  p;reen  starch  is  purified  and  dried,  an  alkaline  solution 
being  used  in  some  cases  to  facilitate  the  removal  of  the  protein,  care 
being  taken  to  wash  after  the  treatment  until  neutral.  Corn  starch 
designed  for  food  purposes  is  specially  purified  and  marketed  in  the  form 
of  a  fine  powder.  Further  details  of  the  manufacturing  process  are 
given  by  Sherman.^ 

Microscopic  Structure  (Plate  II,  Fig.  13). — Large  grains  for  the 
most  part  sharply  polygonal  (from  horny  endosperm),  much  less  often 
round  (from  floury  endosperm),  diameter  up  to  30  /x;  hilum  central,  very 
distinct,  often  with  radiating  clefts;  rings  seldom  evident;  polarization 
cross  striking;  no  marked  play  of  colors  with  selenite  plate.  Small 
grains  mostly  isolated,  not  in  definite  aggregates. 

Description  is  of  commercial  corn  starch.” 

Chemical  Composition. — Analyses  of  German,  Fnglish,  and  American 
maize  (corn)  starch  by  Saare  ^  show  as  follows. 


Samples 

Water 

Protein 

Fat 

Ash 

Acidity' * 

Alka¬ 
linity  t 

% 

% 

Cf 

/o 

/C 

cc. 

cc. 

Gorman: 

4 

Min . 

14.33 

0.36 

0.02 

0. 10 

0.0 

Max . 

15.70 

0.65 

0.04 

0.13 

4.3 

English: 

Average . 

2 

12.81 

0.27 

0.03 

0.36 

03.7 

American: 
Average . 

2 

14.13 

0.27 

0.03 

0.41 

CD. 3 

*  Cc.  N/lO  allvali  per  100  Rranis  starch, 
t  Cc.  N/  10  acid  per  100  grams  starch. 


RICE  STARCH  is  made  in  large  quantities  in  England  and  to  some 
extent  on  the  Continent  from  Indian  paddy  {Oryza  saliva  L.).  Alkali  or 
other  chemical  is  used  in  the  process  to  remove  the  protein  matter  which 
cements  together  the  starch  grains  of  the  horny  endosperm,  the  starch 
being  finally  washed  free  from  all  extraneous  matter.  The  chief  uses  of 
rice  starch  are  as  a  cosmetic,  in  the  laundry,  and  in  the  arts. 

Microscopic  Structure  (Plate  II,  Fig.  14). — Grains  mostly  polygonal; 
diameter  2  to  10  y;  aggregates  present  in  the  kernel  largely  disintegrated 
in  manufacture;  hilum  central,  small;  polarization  cross  distinct,  no 
marked  play  of  color  with  selenite  plate. 

Description  is  of  commercial  rice  starch. 

1  Food  Products,  New  York,  1924. 

2  Z.  Spiritus-Ind.  1901,  24,  502. 
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Chemical  Composition— Konig’s  analysis  ^  of  rice  starch  gave: 
water  13.71;  protein  0.81;  fat,  nitrogen-free  extract,  and  fiber  85.18; 
and  ash  0.30  per  cent. 

KUDZU  STARCH. — The  root  tubers  of  Pueraria  hirsuta  Schneider 
(P.  thunbergiana  Benth.),  a  leguminous  vine  much  grown  in  Japan  and 
China,  are  rich  in  starch  resembling  that  of  cassava  root.  Starch  made 
from  the  root  is  used  as  food  and  medicine. 

Microscopic  Structure  (Plate  II,  Fig.  15). — Grains  round,  kettle¬ 
drum-shaped,  polygonal,  resembling  cassava  starch  but  individuals  with 
more  than  one  truncation  more  numerous,  diameter  up  to  35  n,  in  some 
specimens  only  16  /i;  hilum  distinct,  central  or  somewhat  excentric; 
rings  distinct;  polarization  cross  distinct. 

Description  is  of_  starch  from  tubers  furnished  by  Dr.  Mantaro 
Kondo,  Director  of  Ohara  Institute,  Kuraschiki,  Japan,  by  New  York 
Botanical  Garden,  Bronx,  and  by  Dr.  W.  E.  Salford,  Bureau  of  Plant 
Industry,  Washington,  D.  C. 

CASSAVA  STARCH  is  produced  by  two  of  the  world^s  great  food 
plants,  the  bitter  cassava,  Manihot  utilissima  Pohl,  and  the  sweet 
cassava,  M.  aipi  Pohl  {Euphorhiacex) .  Other  names  are  Bahia,  Rio, 
or  Para  arrowroot.  The  agglutinated  product  is  common  tapioca  or 
manioca.  In  Brazil,  the  bitter  cassava  is  used  for  starch  production,  the 
hydrocyanic  acid  present  in  the  fresh  moist  root  being  removed  by 
washing  and  drying.  In  Florida,  sweet  cassava  is  utilized,  the  product 
being  well  adapted  for  sizing  cotton  cloth. 

Microscopic  Structure  (Plate  II,  Fig.  16).-Large  grains  mostly 
kettledrum-  and  flask-shaped,  less  often  with  two  or  more  truncations 
appear  round  when  resting  on  truncated  surface,  diameter  up  to  35  u- 
hilum  usually  central,  distinct;  rings  evident  but  not  distinct;  polariza¬ 
tion  cross.very  distinct.  Both  large  and  small  grains  sometimes  occur  in 
aggregates. 


Chemical  Composition.— Balland  2  reports  2  analyses  as  follows. 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Foreign .  .  . 

% 

12.80 

16.00 

% 

Trace 

0.45 

% 

0.20 

% 

% 

% 

French. . 

86.88 

0.08 

0.04 

0.15 

82.95 

0.00 

0.45 

^  Landw.  Vers.-Stat.  1897,  48,  98. 
^  J.  pharm.  chim.  1898,  7,  328. 
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SWEET  POTATO  STARCH. — This  product  is  made  in  Brazil  from 
the  tuberous  root  of  Eaiaias  edulis  C  licis.  cr  Ipcmaa  Batatas  Lam. 
(Convolvulacecc)  and  is  kno\vn  as  Brazilian  arrowroot,  also  as  Batata 
starch.  Wiesner  ^  found  10  per  cent  of  sugar  and  only  9  per  cent  of 
starch  in  the  tuber  grown  in  the  tropics,  but  only  3  to  4  per  cent  of  sugar 
and  as  much  as  15  per  cent  of  starch  in  tubers  growm  in  the  subtropics. 

Microscopic  Structure  (Plate  II,  Fig.  17). — Large  grains  similar  to 
those  of  cassava  but  larger,  fonns  with  more  than  one  truncation  com¬ 
mon,  diameter  up  to  50  hilum  distinct,  more  excentric  than  cassava, 
excentricity  seldom  greater  than  1:2;  rings  usually  indistinct;  polari¬ 
zation  cross  striking.  Small  grains  like  large  in  form.  Rosettes  of 
calcium  oxalate  present. 

Description  is  of  starch  exhibited  at  the  Centennial  Exposition, 
Philadelphia,  1876,  and  direct  from  the  root. 

TACCA  STARCH  or  Williams’  arrowroot,  is  made  from  the  root 
of  Tacca  pinnatijida  Forst.  (Taccaceae),  a  plant  growing,  according  to 
Safford,^  in  the  Malay  Archipelago,  throughout  Polynesia,  and  Burma. 
The  root  also  is  eaten  as  a  vegetable. 

Microscopic  Structure  (Plate  II,  Fig.  18). — Grains  like  cassava  starch 
but  perhaps  a  trifle  larger.  Raphides  comimonly  present. 

The  material  cxam.ined  was  kindly  furnished  by  Lt.-Col.  Sir  David 
Prain,  I.M.S.,  M.B.,  LL.D.,  etc..  Director  of  the  Royal  Botanic  Gar¬ 
dens,  Kew,  England,  and  agrees  with  that  described  by  Blyth  and  by 
Planchon  and  Juillet  whereas  that  described  by  Tschirch  and  Oesterle 
and  by  Ilartwich  is  of  the  Bermuda  arrowToot  type.  Negotiations 
with  Dr.  W.  E.  Safford  to  secure  authentic  m.aterial  from  Guam,  of 
which  he  was  formerly  Governor,  were  interrupted  by  his  sudden  death. 

ARUM  STARCH. — Portland  arrowroot  is  the  commercial  starch 
obtained  from  the  corms  of  Arum  maculatum  L.,  A.  esculentum  L.,  A. 
italicum  Lam.,  and  possibly  other  species  of  Arum  {Aracex). 

Microscopic  Structure  (Plate  II,  Fig.  19). — Large  grains  polygonal, 
truncated,  often  in  small  aggregates,  diameter  up  to  22  hilum  central, 
with  clefts;  rings  usually  indistinct.  Small  grains  often  in  aggregates. 
Raphides  present. 

Description  is  of  starch  direct  from  corm  of  A.  maculatum. 

Chemical  Composition. — Pantanelli  ^  gives  the  following  analyses, 
respectively ,"of  two-  and  three-year-old  corms  of  “  Gigaro  ”  {A.  italicum) 
which  grows  wild  in  enormous  quantities  in  Italy:  water  65.31  and 
64.67,  protein  1.75  and  1.50,  pure  protein  0.81  and  0.50,  reducing  sugars 

‘  Rohstoffe  des  Pflanzenreiches. 

2  Useful  Plants  of  Guam,  Contrib.  U.  S.  Herb.,  Washington,  1905,  9,  380. 

3  Staz.  sper.  agr.  ital.  1918,  61,  69. 
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0.15  and  0.03,  dextrin  0.46  and  0.36,  starch  20.70  and  21.74,  and  ash 
0.53  and  0.58  per  cent.  He  states  that  the  roots  of  “  Cuckoopint  ” 
(A.  maculatum)  are  too  small  to  be  of  economic  value. 

No  analysis  of  the  commercial  starch  is  available. 

ARRACACHA  or  APIO  STARCH.— The  fleshy  branching  roots  of 
Arracacia  esculenta  DC.  (JJ mhelliferx)  in  northern  South  America  are 
prized  as  a  vegetable.  From  the  roots  is  prepared  an  edible  starch. 

Microscopic  Structure  (Plate  II,  Fig.  20). — Large  grains  polygonal 
or  truncated,  obviously  from  aggregates,  or  round,  diameter  up  to  35  /x, 
mostly  less  than  25  ju;  hilum  central  when  evident;  rings  one  or  two. 
Small  grains  like  large. 

Description  is  of  starch  exhibited  at  Centennial  Exhibition,  Phila¬ 
delphia,  1876. 

BEAN  TREE  STARCH. — The  seed  of  Castanospermum  australe 
Cunn.  {Leguminosse)  or  bean  tree  is  rich  in  starch  which  in  New  South 
Wales  is  extracted  on  a  commercial  scale. 

Microscopic  Structure  (Plate  II,  Fig.  21). — Resembles  cassava  starch 
but  grains  are  smaller,  not  of  usual  leguminous  type.  Grains  round, 
truncated,  or  polygonal,  diameter  up  to  22  p)  hilum  central,  distinct; 
rings  evident;  pclarizaticn  cross  distinct. 

Description  is  of  starch  from  seeds  furnished  by  the  late  Dr.  J.  H. 
Maiden,  F.L.S.,  Director  of  the  Botanic  Gardens,  Sydney,  Australia. 

TARO  STARCH.  This  starch  is  obtained  from  the  corms  and 
cormels  of  Colocasia  antiquorum  Schott  {Aracex). 

Microscopic  Structure  (Plate  II,  Fig.  22). — Grains  polygonal,  kettle- 

drum-shaped,  or  rounded,  diameter  up  to  9  m;  other  characters  not 

noticeable  in  grains  of  such  small  size.  In  some  corms  maximum 
diameter  4  ju. 


Description  is  of  starch  from  corms  supplied  by  Dr.  R.  A.  Young 
hlant  Introducer,  Bureau  of  Plant  Industry,  Washington,  D.  C. 

YAUTIA  starch.— The  yautias  are  members  of  the  aroid  group 
(Aracex).  The  starch  of  Xanthosoma  caracu  is  here  described 

Microscopic  Structure  (Plate  II,  Fig.  23).-Grains  polygonal,  kettle- 

inTrge^rT  ’  ”  up  to  20  m;  hilum  central,  evident 

calcium  oxajI^!LaSder‘°“  >ndistinct;  aggregates  present,  also 

Description  based  on  starch  from  corms  supplied  by  Dr  R  A 

rr  a 

Pnrh,  h  •  ^  starch.— The  fleshy  turnip-like  root  of  the  yam  bean 

mon  ChinrseTert  ^1''“  ^  (Leguminosa;) ,  a  com- 

Commerciai  starTh  is  ’  7'T  to  starch, 

mercial  starch  is  m.ade  from  the  root  in  China. 
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Microscopic  Structure  (Plate  II,  Fig.  24). — Large  grains  polygonal 
or  truncated,  diameter  up  to  24  fx]  hilum  central,  often  with  clefts;  rings 
evident.  Small  grains  more  numerous  than  large,  of  various  sizes  and 
shapes. 

Description  is  of  starch  from  root  bought  in  Chinese  Quarter,  New 
York  City. 

WHEAT  STARCH  is  made  on  the  Continent  from  common  wheat 
{Triticum  sativum  vulgare),  although,  according  to  Wiesner,^  spelt 
(T.  sativum  spelta)  yields  starch  of  excellent  quality  and  hmglish  wheat 
(T.  sativum  turgidum)  has  the  advantage  of  a  larger  yield.  Macaroni 
wheat  {T.  sativum  durum)  is  said  to  be  unsuited  for  the  purpose  because 
of  the  horny  structure  of  the  endosperm,  but  doubtless  could  be  used 
if  a  process  similar  to  that  developed  in  the  maize  industry  were 
followed. 

The  primitive  process  of  soaking  the  grain  until  soft,  crushing,  and 
elutriating  yields  a  gray  product  containing  much  gluten.  By  the  fer¬ 
mentation  process  organic  acids  are  developed  in  which  the  gluten  dis¬ 
solves.  The  Martin  process  is  in  substance  like  that  employed  in  deter¬ 
mining  gluten,  namely,  washing  the  dough  on  sieves  with  continual 
kneading,  thus  securing  as  a  by-product  gluten  for  which  there  is  a 
demand  as  a  diabetic  food  and  for  other  purposes. 

Microscopic  Structure  (Plate  III,  Fig.  25). — Large  grains  lenticular 
(elliptical  when  on  edge),  diameter  commonly  28  to  40  ju,  rarely  50  /x; 
hilum  central,  seldom  with  clefts;  polarization  cross  indistinct  (Fig.  37), 
no  play  of  colors  with  selenite  plate.  Small  grains  globular  or  polygonal.* 

Description  is  of  starch  direct  from  grain. 

Chemical  Composition. — In  14  samples  of  wheat  starch  made 
by  various  processes  Saare  ^  found : 


Water 

Protein 

Fat 

Ash 

Acidity  * 

% 

% 

% 

% 

cc. 

Min . 

9.87 

0.15 

0.04 

0.09 

0.0 

Max . 

15.30 

0.52 

0.11 

0.39 

3  0 

*  Cc.  N/10  alkali  per  100  Rrams  of  starch. 


HORN  CHESTNUT  STARCH.— The  seed  of  Trapa  bispinosa 
Roxb.  {Trapaceae),  sold  in  the  Chinese  Quarters  of  American  cities  as  a 
curiosity,  is  rated  by  some  as  one  of  the  five  food  grains  of  China.  A 


1  Loc.  cit. 

2  Z.  Spiritus-Tnd.  1901,  24,  502. 
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Eig.  25  Wheat 
28  Bean 
31  Lotus  Seed 
34  Arrowhead 


Commercial  Starches.  X160. 

Fig.  26  Horn  Chestnut 
29  Pachira 
32  Warabi 
35  Mango 


(A.L.W.) 

Fig.  27  Breadfruit 
30  Araucaria 
33  Coontie 
36  Water  Chestnut 
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starch  found  in  an  invoice  shipped  to  a  Chinese  merchant  in  Chicago 
long  baffled  the  writers  until  its  identity  with  that  of  the  horn  chestnut 
was  established. 

Microscopic  Structure  (Plate  III,  Fig.  2G). — Large  grains  elliptical, 
rounded-triangular,  or  quadrilateral,  often  characterized  by  excres¬ 
cences  on  one  or  both  sides,  length  up  to  over  40  ju;  hiliim  usually  central 
occasionally  with  cxccntricity  of  1  :  2  to  1  ;  3,  in  dried  seed  often  with 

clefts,  less  often  in  fresh  seed;  rings 
distinct  in  nearly  true  circles;  polariza¬ 
tion  cross  very  distinct. 

Description  is  of  sample  referred 
to  above  and  starch  direct  from  the 
seed. 

BREADFRUIT  STARCH.— Both 
the  seed  and  pericarp  tissues  of  the 
breadfruit,  Artocarpus  incisa  L.,  as  well 
as  the  Jack  fruit,  ^1.  integrifolia  Forst. 
{Moracesc),  contain  starch  but  with 
different  microscopic  characters. 

Microscopic  Structure. — Per i c a r p 
starch  grains  (Plate  III,  Fig.  27) 
rounded,  less  often  angular,  sometimes 
in  aggregates,  diameter  up  to  10  ju; 
hilum  and  rings  not  usually  evident;  polarization  cross  indistinct. 
Seed  starch  j  rains  both  round  or  truncated,  diameter  up  to  18  ju;  hilum 
very  distinct. 

Description  is  of  starch  from  fruit  furnished  by  Prof.  II.  J.  Cowles, 
University  of  Porto  Rico. 

BEAN  STARCH.— Although  the  common  bean  (Phaseohis  vulgaris 
L.)  is  seldom  if  ever  used  for  starch  manufacture,  a  number  of  authors 
describe  and  picture  it  as  a  commercial  starch.  It  is  here  included 
because  it  is  representative  of  the  leguminous  class. 

Microscopic  Structure  (Plate  III,  Fig.  28).— Large  grains  elliptical 
or  kidney-shaped,  length  up  to  60  p;  hilum  appears  to  be  elon¬ 
gated  with  radiating  clefts;  rings  present;  polarization  cross  (Fig. 
37)  really  a  double  cross  forming  two  V’s  joined  by  a  line.  As 
noted  in  the  introduction  to  this  chapter,  what  appear  to  be  indi¬ 
vidual  grains  are  aggregates  of  two  or  more  members,  hence  the  double 
cross.  Other  leguminous  starches  with  double  grains  are  described 

under  Vegetables,  Volume  11. 

Description  is  of  starch  direct  from  the  seed. 


Fig.  37. — Starch  Grains  Viewed  with 
Polarized  Light.  I  potato.  II  curcuma. 
Ill  wheat.  I\’  bean.  X300  (.\.L.\/.) 
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Chemical  Composition. — Analyses  of  four  types  of  bean  starch, 
reported  by  Adolph,^  show: 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

From  green  beans 

% 

% 

% 

% 

% 

% 

(Yang-fen) . 

2.85 

1.53 

0.19 

94.23 

0.53 

0.67 

Strips  (Kan-fen) . . . 

10.41 

0.65 

0.20 

88.10 

0.36 

0.28 

Sheets  (Fen-p'i) .  .  . 
- (Fen-t'i) . 

16.92 

0.03 

0.61 

3.09 

0.06 

0.16 

81.50 

96 1 02 

0.75 

0.31 

0.15 

0  34 

PACHIRA  STARCH. — The  seed  of  Pachira  aquatica  Aubl.  (Bom- 
bacex),  grown  in  Guiana,  contains  a  starch  said  to  be  extracted  on  a  small 
scale. 

Microscopic  Structure  (Plate  III,  Fig.  29).— Grains  mostly  round, 
less  often  truncated  or  in  aggregates,  diameter  up  to  over  20  /x  (some  up 
to  30 /X  apparently  swollen);  hilum  central,  often  with  clefts;  rings 
evident;  polarization  cross  distinct  but  not  pronounced. 

Description  is  of  starch  from  seeds  furnished  by  the  late  Dr.  W.  E. 
Safford,  Bureau  of  Plant  Industry,  Washington,  D.  C. 

ARAUCARIA  STARCH.  In  Brazil,  starch  is  made  from  seeds  of 
Araucaria  hraziliana  Lamb  (Pinaceae)  and  perhaps  other  species 

Microscopic  Structure  (Plate  III,  Fig.  30).-Grains  quadrilateral, 
nangular,  and  kettledrum-shaped  from  rod-shaped  aggregates  aPo 
elliptical  or  much  elongated,  diameter  up  to  40  g;  hilum  central  or  some¬ 
what  excentric,  distinct;  rings  usually  distinct;  polarization  cross 
markedly  distinct. 

Description  is  of  starch  exhibited  at  the  Centennial  Exposition  Phil- 
LOTUrsS  Sa^CH  ^7  Botanical  Garden. 

above)  serves  for  the  manufac^ur^ofsTa'fch" 

SARABr 

(L.)  Kny  .  Ptcn.*  ^  f 

with  a  rhizome  from  which  warabi  starch  is  obtained  “ 

^  Philippine  J.  Sci.  1926,  30,  287. 
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Microscopic  Structure  (Plate  III,  Fig.  32). — Lar^e  grains  elliptical, 
irregularly  elongated,  length  up  to  45  fi;  hiluin  and  rings  not  usually 
evident.  Medium  and  small  grains  elongated  or  in  rod-shaped  aggre¬ 
gates. 

Description  is  of  starch  from  Japan  furnished  by  New  York  Botanical 
Garden. 

COONTIE  STARCH. — According  to  H.  J.  Webber,^  both  Zamia 
jloridana  DC.  (coontie)  and  Z.  pumila  L.  {Cijcadacese)  grow  abundantly 
in  Florida.  Starch  from  the  former  has  been  made  commercially  and 
marketed  under  the  name  of  Florida  arrowroot. 

Microscopic  Structure  (Plate  III,  Fig.  33). — Large  grains  truncated, 
often  in  aggregates  of  two  members,  diameter  up  to  80  /x  or  more;  hilum 
central  or  excentric  1  :  2  to  1:3,  often  with  clefts;  rings  indistinct, 
polarization  cross  strong.  Medium  and  small  grains  similar  to  large  in 
form. 

Description  is  of  sample  from  New  York  Botanical  Garden. 

Chemical  Composition. — The  dried  rhizome,  as  analyzed  by  Clev¬ 
enger,^  contains:  water  7.73,  protein  G.17,  fat  0.63,  nitrogen-free  extract 
71.23,  fiber  9.23,  and  ash  5.01.  Analyses  of  the  starch  are  not  at  hand. 

ARROWHEAD  STARCH. — Blasdale  ^  states  that  the  Chinese  make 
starch  from  the  tubers  of  Sagittaria  latifolia  Willd.,  a  plant  belonging  to 
the  Alismacex  family. 

Microscopic  Structure  (Plate  III,  Fig.  34). — Large  grains  round,  oval, 
or  rounded  angular,  diameter  up  to  36  /x;  hilum  central  or  nearly  so  with 
clefts;  rings  evident;  polarization  cross  evident  but  not  striking. 

Description  is  of  starch  from  tubers  from  the  Chinese  Quarter  of 
New  York  City;  it  agrees  with  that  of  Blasdale. 

MANGO  STARCH. — The  seed  of  Mangifera  indica  L.  {Anacar- 
diacex)  contains  a  starch  quite  distinct  from  any  other  here  described. 

Microscopic  Structure  (Plate  III,  Fig.  35). — Large  grains  elongated, 
spindle-shaped  or  kidney-shaped,  length  up  to  50  /x;  true  hilum  central 
as  shown  by  polarization  cross,  false  hilum  elongated,  nearly  as  long 
as  grain;  rings  distinct;  polarization  cross  of  two  lines  crossing  at  hilum, 
not  of  two  V’s  joined  by  a  line  as  in  common  garden  legumes,  hence 
grains  are  simple  and  not  two  consolidated  grains. 

Description  is  of  starch  direct  from  seed. 

WATER  CHESTNUT  STARCH.— Conus  of  Eleocharis  tuberosa 
(Cyperaceae),  a  familiar  CTinese  vegetable  and  ingredient  of  chop  suey, 
yield  a  starch  with  unicpie  histological  characters. 

MI.  S.  Dept.  Agr.,  Bur.  Plant.  Ind.,  1902,  Bui.  2. 

2  J.  Am.  Pharm.  Ass.  1921,  10,  837. 

3  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.,  1899,  Bui.  68. 
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Microscopic  Structure  (Plate  III,  Fig.  3G).— Large  grains  rounded 
triangular,  quadrangular,  pentagonal,  spindle-shaped  or  irregular,  up 
to  27  g;  hilum  central,  sometimes  with  clefts;  rings  indistinct;  polari¬ 
zation  cross  indistinct. 

Description  is  of  starch  from  corms  sold  in  the  Chinese  Quarter  of 
New  York  City. 


SEEDS  OF  THE  GINKGO  FAMILY 


(Ginkgoacex) 

One  species,  a  dicecioiis  tree,  bears  a  seed  with  characters  of  a  fruit. 

GINKGO 

Ginkgo  hiloha  L.  =  Salishurya  adiantifolia  Sm. 

The  ginkgo  or  maiden-hair  tree,  a  native  of  Japan  and  the  sole  sur¬ 
vival  of  numerous  related  species  that  thrived  in  the  geological  past, 
is  widely  different  from  all  other  plants.  It  is  the  only  species  of  the 
only  genus  of  the  only  family  of  the  order  Ginkgoacex. 

The  pulp  of  the  seed  yields  edible  oil,  the  seed,  a  starchy-oily  food. 

MACROSCOPIC  STRUCTURE. — Fertilization  of  the  naked  ovule 
is  by  motile  spermatozoids  from  a  male  tree,  not  pollen,  and  the  embryo 
develops  after  the  seed  drops  from  the  tree.  The  seed  has  the  general 
appearance  of  a  small  plum.  It  is  somewhat  longer  than  broad,  yellow 
with  a  bloom,  and  foul  smelling.  The  pointed-ovoid,  rimmed  stone 
has  a  smooth  w'hite  shell  (not  endocarp)  and  an  exceedingly  thin  brown 
inner  skin  adherent  to  the  kernel  at  the  point  of  attachment.  The 
bulk  of  the  kernel  consists  of  endosperm  witliin  which  is  the  narrow 
embryo,  with  two  cotyledons  and  radicle,  reaching  1  cm.  in  length. 

MICROSCOPIC  STRUCTURE. — Kondo  ^  has  studied  the  histology 
of  this  seed,  his  results  being  of  particular  interest  because  of  the  other 
peculiarities  of  the  species. 

The  Outer  Spermoderm  (“  fruit  flesh  ’’)  consists  of  (1)  outer  epiderm 
of  rounded  polygonal  cells  with  very  thick  cuticle  (25  g)  and  brown 
granular  contents,  also  sunken  stomata,  and  (2)  parenchyma,  in  the  outer 
part  with  occasional  crystal  rosettes,  in  the  inner  part  interspersed  with 
somewhat  larger  cells  (green  with  sodium  hydroxide)  and  tangentially 
elongated  oil  sacs  (up  to  2  mm.)  with  yellow-brown  contents  changing 
to  pink  with  the  alkali. 

*  Landw.  Vers.-Stat.  1913,  81,  444. 
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The  oil  sacs  are  surrounded  by  thin-walled  polygonal  cells. 

‘  The  Inner  Spermoderm  consists  of  (1)  shell,  a  mass  of  elongated 
stone  cells  arranged  transversely  in  the  outer  and  longitudinally  in  the 
inner  portion,  and  (2)  skin,  a  brown  parenchyma  tissue  with  here  and 
there  spiral  and  pitted  cells. 

The  lumen  of  the  storie  cells  is  reduced  to  a  mere  line  except  midway 
between  the  ends,  where  it  is  enlarged  just  enough  to  contain  a  small  re¬ 
fractive  lump. 

Perisperm. — Kondo  considers  that  the  thin  white  lining  of  the  skin 
is  perisperm. 

Endosperm. — A  rich  store  of  stai'ch  (Fig.  38)  is  present  in  the  polyg¬ 
onal  cells.  The  simple  grains  are  homogeneous 
with  little  evidence  of  hilum  or  rings,  and  the  '  ^ 

aggregates  have  indistinct  lines  separating  the 
component  grains.  Polarized  light  distinguishes 
simple  grains  from  aggregates  and  locates  the 
position  of  the  hilum.  The  aggregates  of  two 
to  four  grains  reach  35  ,u;  the  round  or  elliptical 
simple  grains,  somewhat  less. 

Embryo.  Starch  like  that  of  the  endosperm 
but  with  somewhat  smaller  grains  is  present 
in  the  fully  developed  embryo. 

Chief  Structural  Characters. — Seed 
fruit-like.  Spermoderm  with  fruit  flesh,  stone,  and  inner  skin.  Endo¬ 
sperm  bulky.  Embryo  axial,  elongated,  narrow. 

Outer  spermoderm  with  cells  staining  green  with  sodium  hydroxide 
and  elongated  oil  sacs  staining  pink;  inner  spermoderm  of  colorless 
elongated  stone  cells,  each  containing  a  refractive  body,  and  brown 
parenchyma.  Endosperm  and  embryo  with  simple  rounded  starch 
grains  and  aggregates  of  two  or  more  grains. 

CHEMICAL  COMPOSITION.— The  pulp  of  the  ginkgo  fruit  has 
an  offensive  butyric  odor  but  doubtless  has  real  food  value  when  pron- 

ery  prepared.  According  to  Bechamp,'  it  contains  fatty  acids  of  the 
aliphatic  series  from  formic  to  caprylic 

a  dSanf  is  prized  by  the  Chinese  as. 

Analyses  are  given  below  of  the  shelled  seed  by  Blasdale  ^  and  bv 
angley,  the  material  in  the  former  case  being  from  a  Chinese  merchant 

'  Compt.  rend.  1864,  63,  135. 

3  V'  f  ■  1899,  Bui.  68,  44 

4.  Am.  Chem.  Soc.  1907,  29,  1513. 


Fig.  38. — Ginkgo.  Starch  from 
endosperm.  XIjO.  (.V.L.W.) 


48 


CEREALS 


in  San  Francisco  and  in  the  latter  case  from. Hon.  Wu  Ting  Fang,  ex- 
minister  from  China  to  the  United  States: 


Composition  of  Ginkgo  Kernels 


Water 

Protein 

.Amides 

Fat 

Starch 

Sucrose 

Pen¬ 

tosans 

Other 

carbo¬ 

hydrates 

Fiber 

Ash 

Blasdale. . .  . 
Langley .... 

% 

47 . 34 
15.7 

% 

.5.90 

11. a 

% 

0.72 

% 

0.81 

2.4 

% 

.33.90 

57.2 

% 

3 . 58 

% 

1.3 

% 

5.58 

8.7 

% 

0.88 

0.8 

% 

2.00 

2.9 

Furuichi  ^  corroborates  Langley’s  results  in  essential  details. 

Fh-oteins. — Furuichi  *  proposes  the  name  ginkgoin  for  the  globu¬ 
lin,  the  nitrogen  of  which  constitutes  60  per  cent  of  the  total 
nitrogen  of  the  seed.  It  contains  a  large  amount  of  tryptophane.  Other 
proteins  present  are  an  albumin,  a  prolamine,  and  a  glutelin.  Deter¬ 
mination  of  the  isoelectric  point  by  adding  a  drop  of  hydrochloric  acid 
to  the  alkaline  solution  showed  that  the  point  of  maximum  surface  ten¬ 
sion  and  the  maximum  turbidity  agree  approximately  with  each  other. 
The  globulin  required  the  least  amount  of  h3'drochloric  acid  and  the 
glutelin  the  largest,  the  albumin  being  intermediate. 

Mineral  Constituents. — An  analysis  of  the  ash  of  the  seed  bj"  Fu¬ 
ruichi  ^  follows: 


K2O 

Na^O 

CaO 

MgO 

Fe20  * 

P2O6 

SO3 

Si02 

% 

% 

% 

% 

% 

% 

% 

% 

40.6 

8.4 

4.8 

7.7t 

3.7 

21 .6 

8.3 

4.9 

*  Includes  AI2O3. 

t  Obtained  by  difference:  no  figures  in  abstract. 


1  Bul.  Tottori  Higher  Agr.  School,  1928,  1,  105;  Chem.  Abs.  1929,  23,  2196. 


CEREALS  AND  WEED  SEEDS  OF  THE 

GRASS  FAMILY 


{Graminex) 


True  cereals,  or  cereals  in  the  narrow  sense  as  here  used,  may  be 
defined  as  grain  produced  by  members  of  the  grass  family.  Although, 
strictly  speaking,  the  term  is  applied  to  the  cultivated  species,  for  con¬ 
venience,  as  well  as  to  conform  to  botanical  classification,  such  other 
species  of  the  family  as  grow  as  weeds  in  grain  fields  and  yield  fruits 
which  find  their  way  into  the  threshed  grain  are  also  included.  Some 
of  these  wild  forms  are  closely  related  to  the  cultivated  species  or  are  vari¬ 
eties  of  the  same  species.  The  plants  themselves,  as  well  as  the  grain, 
are  known  as  cereals. 


In  the  still  broader  sense,  cereals  include  the  buckwheats.  This 
common  usage  seems  logical  if  the  general  composition  of  the  grain  and 
its  utilization  in  bread  foods  alone  are  considered.  Since,  however,  the 
species  belong  to  a  widely  separated  family  in  the  dicotyledonous  group 
they  are  given  a  separate  section  as  are  starchy  seeds  of  other  families. 

CLASSIFICATION— The  grasses  are  divided  into  thirteen  tribes. 


Representatives  of  at  least  nine  of  these  tribes  are  cereals  furnishing 
important  grains  both  for  the  human  race  and  cattle,  and  of  the  remain¬ 
ing  tribes  representatives  of  three  are  well-known  forage  grasses  (which 

see).  A  list  of  the  tribes  with  the  most  important  genera  of  cereals  and 
forage  grasses  follows : 


^CLASSIFICATION  OF  CerEALS 

I.  Mayd£x.—Zea  (maize),  Coix  (Job’s  tears),  Buchhxna  (teosinte') 

II.  durrha, 

HI.  Zoysiese.—Hilaria  (black  grama, i  galletaO. 

IV.  —Unimportant  tropical  species. 

'  ■  ^Treerf7xHT^y;;l‘;Xt°^t''p  (German  mdlet, 

g  en  loxtaiJ,  yellow  foxtail  2),  Penmsetum  (pearl  millet). 

\  I.  Oryzese.  Oryza  (rice),  Zizania  (wiW  rice). 

1.  Phalarideae.  Phalaris  (canary  seed). 

'"ty  (timothy  >). 

IX.  Avenex.  Avena  (oats,  wild  oats  2). 

X.  Chlorideas. — Eleusine  (coracan). 
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XI.  Festucese. — Bromus  (chess*),  Eragroslis  (teff),  Glyceria  (manna  grass),  Poa 
(June  grass,  ‘  etc.),  Festuca  (fescues  0- 

XII.  Hordese. — Triticuni  (wheat,  spelt,  enmicr,  cinkorn),  Secale  (rye),  Hordeuvi 
(barley),  Lolium  (darnel*). 

XIII.  Bambuseu . — Banibusa  and  other  sjjecies  of  bamboo. 

1  Forage  grass. 

2  Weed. 


COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  botanical 
classification  of  the  grasses,  including  the  cereals,  is  based  largely  on 
characters  of  the  inflorescence  with  little  regard  to  the  ripe  fruit  or 
caryopsis,  commonly  known  as  the  kernel,  which  for  the  food  specialist 
is  of  chief  importance.  Since  the  floral  envelopes  persist  to  maturity  as 
chaff  and  often  closely  invest  the  kernel,  their  structure  is  important  as 
a  means  of  identification  of  the  grain. 

Flower. — Unlike  most  higher  plants,  the  cereals  lack  conspicuous  and 
variously  colored  calyx  (sei)als)  and  corolla  (petals).  The  inflorescence 
is  either  dense,  in  heads  or  spikes,  or  loose,  in  panicles  or  racemes,  made 
up  in  both  cases  of  s^ikelcfs  borne  on  a  rachis,  each  spikelet  with  one  or 
more  flowers.  The  spikelet  is  subtended  by  two  empty  glimies,  and  the 
flowers  are  borne  in  the  spikelet  on  a  short  axis  or  rachiUa,  each  in  the 
axil  of  a  flowering  glume  which  usually  clasps  over  the  edges  of  a  palet, 
both  more  or  less  closely  enveloping  the  grain  at  maturity.  Lodicules 
are  small  papery  scales,  two  of  which  occur  at  the  base  of  the  flower 
within  the  flowering  glume.  In  some  few  species  a  third  occurs  within 
the  palet.  Normally  three  stamens  are  present  which  disappear  during 
ripening.  The  pistil  has  one  ovary  and  the  ovary  one  ovule  which  ripens 
into  the  single  seed. 

Chaff  is  a  convenient  collective  term  for  the  empty  glumes,  flowering 
glumes,  palet,  lodicules,  bristles,  and  rachilla  of  the  mature  spikelet. 
It  should  be  borne  in  mind  that  the  chaffy  parts  are  modified  leaves 
usually  resembling  much  more  closely  true  leaves  than  do  the  showy 
floral  envelopes  of  most  other  families.  At  the  flowering  stage  they  are 
usually  green,  but  on  ripening  they  become  yellow  or  brown.  Chaff  is 
of  small  food  value,  being  scarcely  better  than  straw  as  animal  food 
and  because  of  its  harshness  entirely  unsuited  to  the  human  stomach. 
Certain  forms  of  chaff,  such  as  rice  hulls,  are  too  harsh  even  for 
animals. 

The  term  chaffy  is  applied  to  cereals  when  the  flowering  glume  and 
palet,  less  often  also  the  empty  glumes,  tightly  invest  the  fruit  and  are 
removed  with  it  from  the  straw  on  threshing.  Most  varieties  of  oats 
and  barley,  also  rice,  common,  German,  and  barnyard  millets,  canary 
seed,  the  foxtails,  chess,  and  darnel  are  chaffy,  enveloped  only  by  the 
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flowering  glume  and  palet,  whereas  chaffy  wheats  (spelt,  emmer,  and 
einkorn),  broom  corn,  sugar  sorghum,  and  pod  maize  are  enveloped 
also  by  the  empty  glumes,  and  teosinte,  in  addition  to  flowering  glumes 
and  palets,  by  a  boat-shaped  joint  of  the  rachis. 

Naked  cereals  are  those  in  which  the  fruit  readily  separates  on  thresh¬ 
ing,  leaving  the  chaff  with  the  straw  or  as  a  light  impurity  that  blows 
away  on  winnowing.  Wheat  and  rye,  some  varieties  of  barley,  common 
varieties  of  maize,  also  Job’s  tears,  durrha,  Ivaffir  corn*,  milo  maize,  teff, 
coracan,  and  pearl  millet  are  naked. 

Empty  Glumes. — Normally  there  are  two  empty  glumes,  one  on  each 
side  of  the  spikelet.  They  usually  remain  with  the  straw  on  threshing 
even  if  the  grain  is  chaffy,  but  in  some  cases  they  are  attached  to  the 
grain  as  noted  above.  As  a  rule,  the  empty  glumes  are  more  characterless 
than  the  flowering  glume  and  palet.  They  are  blunt  or  pointed  or  occa¬ 
sionally  short-awned,  and  varied  as  to  venation.  In  some  species  they 
are  thick  and  horny,  in  others  thin  and  papery. 

The  flowering  glume  is  commonly  convex  and,  although  often  several 
nerved,  lacks  the  pronounced  keels  and  wings  such  as  occur  on  the  palet. 
In  most  species  it  is  thick  and  horny j  in  some  few,  notably  maize  and 
sorghum,  it  is  membranous.  It  may  be  smooth  (oats,  barley,  spelt, 
emmer,  einkorn,  canary  seed,  common  millet)  or  rough  (rice,  wild  rice, 
German  millet,  foxtails,  manna  grass).  An  awn,  more  or  less  twisted, 

may  or  may  not  be  present.  Even  the  same  species  may  have  awned  and 
awnless  varieties. 

Palet.  The  inner  envelope  of  each  flow^er,  the  palet,  is  generally 
characterized  by  two  pronounced  lateral  nerves,  often  forming  two  keels. 
In  oats  the  keels  have  a  comb  edge  of  stiff  hairs.  The  two  wings, 
forming  the  tissue  between  the  keels  and  the  edges,  often  differ  in  tex¬ 
ture  from  the  middle  portion.  Canary  seed  has  a  central  hairy  keel 
midway  between  the  two  nerves. 


The  lodicules  are  inconspicuous,  of  thin,  membranous  texture 

The  rachilla,  forming  the  axis  of  the  spikelet,  is  more  or  less  zigzag 
of  hard  texture.  ® 

foxtaiir*^^^  saw-like  barbs  occur  at  the  base  of  each  spikelet  of 

Pericarp.— The  dry  fruit  coat  or  pericarp  of  the  cereals  forms  the 

ou  er  bran  tissue  which,  except  in  coracan,  is  attached  throughout  to 
the  spermoderm  of  the  seed.  '^u„iioul  lo 


In  wheat,  spelt,  emmer,  einkorn,  rye,  barley,  and  oats  the  perlcarn 
bears  a  tuft  of  hairs  at  the  apex.  In  these  cereals,  also  in  chess^  darned 
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oxtonding  beyond  it  nearly  the  whole  length  of  the  narrow  cylindrical 
fruit,  and  maize  and  Job’s  tears  have  a  broad  groove  over  the  embryo. 
If  there  is  no  pronounced  groove  over  the  embryo,  a  sunken  or  wrinkled 
area  usually  marks  its  position. 

Spermoderm  and  Perisperm  form  layers  too  thin  to  show  macroscopic 
characters.  The  raphe  is  best  studied  microscopically. 

Endosperm  forms  the  greater  part  of  the  seed.  It  is  rich  in  starch 
(or  soluble  carbohydrate  in  sweet  or  waxy  maize)  except  for  the  aleurone 
layer.  Two  forms  of  starchy  endosperm  are  evident  to  the  naked  eye: 
hormj  and  floury.  One  alone  may  be  present  but  usually  both,  the  relative 
proportion  varying  with  species,  variety,  or  individual.  For  the  most 
part,  the  horny  portion  is  toward  the  periphery,  the  floury  more  central, 
without  sharp  demarcation.  Both  contain  starch  as  the  chief  constit¬ 
uent  and  protein  in  smaller  amount.  Taken  as  a  whole,  the  water-free 
endosperm  (exclusive  of  the  aleurone  layer)  contains  up  to  about  90 
per  cent  of  starch  and  from  a  fifth  to  a  tenth  as  much  protein.  The 
protein  is  most  abundant  in  the  horny  tissue,  acting  as  a  cement  in  which 
the  starch  is  embedded. 

Embryo. — In  striking  contrast  is  the  composition  of  the  embryo. 
A  drop  of  iodine  solution  suffices  to  show  that  it  contains  no  starch,  but 
the  presence  of  an  abundance  of  oil  is  shown  by  squeezing. 

The  general  structure  of  the  embryo  of  the  larger  cereals,  such  as 
maize  and  wheat,  is  evident  in  longitudinal  section  under  a  lens.  The 
plumule  is  directed  upward,  the  radicle  or  radicles  downward,  the  two 
being  connected  by  the  hypocotyl  which  in  turn  is  connected  on  one 
side  with  the  scutellum  (cotyledon)  extending  the  length  of  the  embryo 
adjoining  the  endosperm.  Further  details  of  the  large  seeds  and  all 
details  of  the  small  seeds  require  the  magnification  of  the  compound 
microscope. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— Kudelka  ^  is 
entitled  to  special  credit  as  the  pioneer  in  this  field.  All  the  later  authors 
on  the  microscopy  of  foods  have  devoted  special  attention  to  the 
group. 

Cereals  are  characterized  by  the  structure  of  the  monocotyledonous 
leaf-type  chaff,  of  the  thin  dry  pericarp  (adherent  except  in  coracan  to  the 
seed)  with  analogous  tissues  mor(‘  or  less  well  developed  in  the  different 
species,  of  the  thin  spermoderm  and  perisperm,  of  the  endosperm  with 
outer  starch-free  aleurone  cells  and  inner  parenchyma  with  starch  grains 
of  various  types,  and  of  the  starch-free  tissues  of  the  monocotyledonous 
embryo.  In  buckwheats,  which  closely  resemble  the  cereals  in  the 

^  Ueber  die  Entwicklung  und  den  Ban  der  Frucht-  und  Samenhaut  unserer  Cere- 
alien,  Berlin,  1875. 
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structure  of  the  endosperm,  the  pericarp  is  not  grown  to  the  seed  and  is 
of  radically  different  structure;  furthermore,  chaff  is  lacking  and  the 
embryo  is  dicotyledonous. 

Empty  Glumes  in  most  cereals  remain  with  the  straw  or  if  detached 
are  removed  on  winnowing.  Often  they  are  of  thinner  texture  than 
the  flowering  glume,  owing  to  the  absence  or  underdevelopment  of  the 
hypoderm;  in  maize,  however,  they  are  thick  and  horny  except  on  the 
end,  where  they  are  papery. 

The  outer  epiderm  in  maize  is  made  up  of  characteristic  isodiametric 
or  somewhat  elongated  cells,  some  with  thick  walls  and  deep  pits,  others 
with  thinner,  non-porous  walls.  The  latter  are  hair  scars  or  cells  accom¬ 
panying  them.  Quite  as  characteristic  are  the  wavy- walled  cells  and 
thin  hairs  of  the  thin  tips. 

The  Flowering  Glumes  represent  the  common  type  of  chaff,  being 
leathery  or  horny  (except  in  maize.  Job’s  tears,  and  sorghums)  and  made 
up  of  four  layers:  (1)  outer  epiderm  consisting  of  wavy- walled  cells  fre¬ 
quently  interspersed  with  round  cells  and  twin  cells  (one  often  crescent¬ 
shaped)  and  in  parts  with  stomata  and  hairs  ;  (2)  hypodermal  fibers] 
(3)  mesophyl  of  spongy  parenchyma  or  less  often  simple  parenchyma; 
and  (4)  inner  epiderm  of  elongated,  thin-walled  polygonal  cells  inter¬ 
spersed  in  parts  with  stomata  and  hairs. 


The  outer  epiderm  in  spelt,  emmer,  einkorn,  barley,  oats,  pearl  millet, 
darnel,  teff,  and  chess  consists  of  cells  with  wavy,  more  or  less  thickened 
walls,  which  are  commonly  much  elongated  and  interspersed  with  round 
cells  and  twin  cells,  also  in  parts  with  stomata  and  hairs  of  various 
types;  in  canary  seed  it  consists  of  long  cells  with  wavy  walls  so  thick 
as  to  appear  straight;  in  rice,  in  common,  barnyard,  the  German  millets 
and  in  green  and  yellow  foxtails,  on  the  body  of  the  flowering  glume,  it 
consists  of  broad  isodiametric  or  slightly  elongated  cells  with  deeply 
sinuous  (plaited)  walls,  round  cells  and  twin  cells  being  few  or  absent. 

The  outer  epiderm  m  maize.  Job’s  tears,  and  sorghums  has  elongated  cells 
with  thin  wavy  walls. 

are  practically  the  same  in  all  the  cereals  except 
that  the  thickness  of  the  layer  and  the  degree  of  thickening  of  the  walls 
vary  In  parts  they  bear  excrescences  on  the  side  fitting  into  corre¬ 
sponding  depressions  in  neighboring  fibers  or  cells. 

Mesophyl. types  of  spongy  parenchynia  occur-  (1)  quadri 
lateral  cells  with  intercellular  spaces  so  small  as  not  to  destroy  thc  ruad 
dateml  appearance  (barley,  spelt,  emmer,  einkorn,  rice,  sorghum)  and 
(-)  cells  which,  although  perhaps  built  on  the  quadrilateraf  plan  ’have 
sue  arge  mtercellular  spaces  as  to  appear  star-shaped  This  form  is 
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Sreen  and  yellow  foxtails  the  mesophyl  is  ordinary  parenchyma  without 
any  considerable  number  of  intercellular  spaces. 

The  inner  epiderni  usually  consists  of  cells  with  thin  straight  walls, 
stomata,  and  often  hairs,  but  is  not  conspicuous  and  seldom  character¬ 
istic. 

Palet. — As  a  rule,  the  central  portion  of  the  palet  between  the  two 
lateral  nerves  or  keels  closely  resembles  the  flowering  glume  in  structure 
as  well  as  thickness  and  texture;  the  wings,  however,  are  generally  more 
delicate,  owing  partly  to  the  less  robustly  developed  hypoderm  or  its 
absence,  and  partly  to  the  lesser  thickening  of  the  walls  of  the  outer 
epiderm  cells. 

In  common  and  German  millets  and  the  foxtails  the  outer  epiderm 
cells  of  the  wings  are  much  more  elongated  and  the  walls  much  less 
sinuous  than  in  the  middle;  also,  as  is  evident  to  the  naked  eye,  they  are 
smooth  and  lustrous,  whereas  in  the  middle  portion,  as  on  the  whole 
surface  of  the  flowering  glume  except  in  common  millet,  they  are  rough¬ 
ened. 

Stiff  hairs  occur  on  the  palet  keels  of  oats,  chaffy  wheats,  chess,  and 
darnel,  but  are  absent  on  the  palet  keels  of  barley,  common  and  German 
millets,  and  the  foxtails.  In  canary  seed,  greatly  thickened  hairs  occur 
on  a  keel  midway  between  the  two  nerves.  The  palet  of  maize,  the 
sorghums  (broom  corn  and  sugar  sorghum)  and  Job’s  tears  is  of  mem¬ 
branous  structure  and  without  keels. 

Lodicules. — These  are  papery  in  texture  and  characterless  in  struc¬ 
ture  except  for  the  hairs  which  in  barley  are  of  various  forms,  both  long 
(up  to  1300  g)  and  short,  thick-  and  thin- walled,  simple  and  branching. 

Rachis  and  Rachilla. — The  joint  of  the  rachis  attached  to  each 
spikelet  of  the  chaffy  wheats,  also  the  joint  of  the  rachilla  attached  at 
the  side  of  each  chaffy  grain  of  darnel  and  chess  and  the  rachilla  of  an 
abortive  flower  on  the  palet  side  of  barley,  are  similar  in  their  structural 
elements  to  the  thick  chaff.  Stiff  hairs  of  large  size  characterize  the 
rachilla  of  barley. 

Pericarp. — Little  if  any  resemblance  exists  betw^een  the  pericarp  and 
the  leaves  of  the  grasses  to  wdiich  it  corresponds  morphologically.  Five 
distinct  layers  are  present  in  some  few  cereals,  but  usually  only  four  are 
evident  and  sometimes  less. 

The  nomenclature  here  adopted  differs  from  that  of  most  authors 
in  that  the  layer  immediately  beneath  the  epicarp  and  resembling  it  is 
termed  hypoderm  as  proposed  by  A.  Meyer,  and  not  mesocarp,  the  latter 
term  being  reserved  for  the  parenchyma  beneath  it,  containing  starch  in 
unripe  sorghums  and  perhaps  other  cereals,  which  may  persist  up  to 
maturity.  The  layers  are:  (1)  epicarp  or  outer  epiderm,  usually  of 
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longitudinally  elongated  cells  (in  rice,  wild  rice,  and  manna  grass  trans¬ 
versely  elongated)  except  at  the  apex,  where  they  are  isodiametric  and 
may  be  interspersed  with  hairs;  (2)  hypodenn  of  one  to  several  layers 
resembling  the  epicarp  in  form  and  arrangement;  (3)  mesocarp  of  thin- 
walled  cells  usually  so  compressed  as  not  to  be  evident  at  maturity;  (4) 
cross  cells,  so  called  because  of  their  transverse  arrangement,  forming  a 
close  or  loose  tissue;  and  (5)  endocarp  consisting  of  isolated  vermiform 
cells,  longitudinally  arranged,  known  as  tube  cells,  or  of  spongy  paren¬ 
chyma  or  intermediate  forms. 

Epicarp. — The  epicarp  cells  of  cereals,  excepting  only  those  of  rice, 
wild  rice,  and  manna  grass,  are  longitudinally  elongated  over  the  body  of 
the  grain  and  isodiametric  at  the  apex.  Although  often  arranged  end  to 
end  in  rows,  they  are  never,  like  the  cross  cells,  side  by  side  in  rows,  that 
is,  they  break  joints.  The  walls  are  distinctly  beaded  in  wheat  and  maize, 
less  distinctly  in  spelt  and  sorghum,  indistinctly  in  rye,  emmer,  einkorn, 
oats,  and  darnel,  and  without  beads  in  common,  barnyard,  and  German 
millets,  foxtails,  canary  seed,  and  chess.  In  sorghums,  common,  German, 
and  pearl  millets,  Job’s  tears,  teff,  and  foxtails  the  walls  are  wavy.  In 
pearl  millet  the  walls  in  addition  to  being  wavy  are  much  thickened  with 
distorted  beads.  Rice  and  wild  rice  are  characterized  by  the  transverse 
elongation  of  the  epicarp  cells  and  the  peculiarly  and  deeply  sinuous  end 
walls,  manna  grass,  by  the  transverse  elongation,  narrow  form,  and 

arrangement  side  by  side  in  rows.  Teff  lacks  all  pericarp  tissues  other 
than  epicarp. 


Hairs  up  to  1000  with  broad  base  occur  at  the  tip  of  wheat,  rye, 
barley,  spelt,  emmer,  and  einkorn,  and  up  to  2000  ij.  with  narrow  base  on 
oats.  The  ratio  of  thickness  of  walls  to  breadth  of  lumen  furnishes  a 
rather  uncertain  means  of  distinction. 


Hypoderm.—'Th.m  layer,  when  present,  resembles  the  epicarp  in  the 
elongation  and  direction  of  elongation  of  the  cells  and  the  beading  of  the 
w^ls.  In  oats  common  and  German  millets,  fo.xtails,  chess,  Job’s  tears 
teff,  canary  seed,  and  coracan  only  traces  of  the  layer  at  most  are  present’ 
m  wheat,  spelt,  emmer,  einkorn,  rye,  sorghums,  pearl  millet,  and  darnel 

S ^  ‘^orny 

Mesocarp.~k  true  mesocarp  of  distinct  thin-walled  cells  occurs  onlv 

“  r“  ^ 

belong  in  X  cX^!"  m  do  ®  first  importance.  They 

forming  a  continuous  layer  with^  o^rsmaT-T'''^ 

ends  (wheat,  spelt,  emmer,  einkorn,  rye,  barley,  ITneircrvermlm 
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cells  detached  or  only  in  loose  contact  (rice,  wild  rice,  sorp:hums,  common, 
barnyard,  and  German  millets,  foxtails,  manna  grass,  canary  seed); 
and  (3)  spongy  parenchyma  or  l)ranching  v('rmiform  cells  (maize,  chess. 
Job’s  tears,  pearl  millet). 

The  distinctness  of  the  beads  is  of  service  in  distinguishing  wheat, 
spelt,  rye,  einkorn,  and  emmer,  being  most  distinct  in  wheat  and  least 
distinct  in  emmer.  Ihnids  are  absent  in  barley  and  darnel.  Barley 
has  a  double  cross-cell  layer. 

Endocarp. — Tube  cells  form  this  layer  in  all  the  species  but  chess, 
teff,  and  coracan,  where  there  is  no  evident  endocarp,  and  oats,  where  it 
appears  to  be  merged  with  the  cross  cells.  The  tube  cells  may  pass  into 
spongy  parenchyma.  This  is  well  marked  in  darnel.  Numerous  tube 
cells  occur  in  maize.  Job’s  tears,  sorghums,  rice,  wild  rice,  canary  seed, 
manna  grass,  common,  German,  barnyard,  and  pearl  millets;  few  occur 
in  wheat,  spelt,  emmer,  einkorn,  and  rye.  ' 

Spermoderm. — Only  in  coracan,  where  the  layer  is  strongly  developed 
and  each  cell  bears  a  brown  wart,  is  this  coat  not  adherent  to  the  pericarp. 
In  manna  grass  also  the  coat  is  strongly  developed,  being  about  10  fx 
thick.  In  other  cereals  it  ic  reduced  to  a  thin  single  or  double  layer, 
often  of  a  yellow  or  brown  color.  Cross  sections  usually  show  but  a  sin¬ 
gle  or  double  line;  surface  preparations  show  that  the  cells  are  longi¬ 
tudinally  or  diagonally  elongated  (except  in  rice  and  wild  rice)  with 
walls  so  delicate  as  often  to  escape  notice  until  after  special  treatment. 
If  a  whole  kernel  is  warmed  in  dilute  sodium  hydroxide  solution,  washed 
in  water  containing  sufficient  acetic  acid  to  destroy  the  alkalinity,  and 
then  scraped,  fragments  of  the  spermoderm  may  be  separated  which, 
mounted  in  chlorzinc  iodine  solution,  are  colored  deep  yellow  or  brown- 
yellow. 

Perisperm. — None  of  the  cereals  has  a  perisperm  developed  as  a 
reservoir  of  reserve  material  as  in  black  pepper.  Most  of  them,  how¬ 
ever,  have  a  single  or  double  layer  of  hyaline  cells  formed  from  the  body 
of  the  ovule  outside  the  embryo  sac  and  therefore  entitled  to  the  name. 

Only  in  broom  corn,  sugar  sorghum,  brown  durrha,  and  chess  is  this 
layer  conspicuous  both  in  cross  section  and  surface  view.  In  darnel  it 
forms  a  double  layer;  in  other  cereals,  a  single  layer.  In  wheat,  although 
evident  as  a  swollen  band  in  cross  section,  it  shows  no  cellular  structure 
in  surface  view  because  of  its  hyaline  nature  until  treated  with  sodium 
hydroxide  and  stained  blue  with  chlorzinc  iodine  as  described  above. 
This  treatment  of  surface  preparations  brings  out  the  cells  in  rice,  com¬ 
mon,  barnyard,  and  German  millets,  the  foxtails  and  manna  grass,  the 
walls  showing  in  these  distinct  beads.  Although  the  layer  is  evident 
in  cross  sections  of  maize  and  oats  as  a  colorless  band,  in  surface  view 
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iiKj  treatment  in  our  experience  is  effective  in  showing  cellular  structure. 
Only  in  rice  and  wild  rice  are  the  cells  transversely  elongated;  in  the 
other  cereals  they  are  longitudinally  or  diagonally  elongated  or  else 
isodiametric. 

Endosperm. — All  grass  fruits,  as  well  as  the  cereals,  consist  largely 
of  endosperm  with  an  outer  aleurone  layer,  one  cell  or  in  barley  several 
cells  thick,  containing  proteins  and  fat  but  no  starch,  and  inner  'paren¬ 
chyma  consisting  chiefly  of  carbohydrate,  the  remainder  being  largely 
proteins.  In  sweet  and  waxy  maize  the  carbohydrate  is  largely  soluble, 
giving  a  red  or  brown  color  with  iodine;  in  other  cereals  it  is  largely 
starch. 

Aleurone  Layer. — The  early  name  gluten  cells  was  abandoned  when 
it  was  found  that  gluten  was  peculiar  to  wheat  and  its  near  relatives,  and 
furthermore,  that  the  bulk  of  the  gluten  in  these  was  in  the  inner  portion 
along  with  the  starch  grains.  •  Johannsen  ^  advanced  the  theory  that  the 
granular  appearance  of  the  contents  was  due  to  aleurone  or  protein 
grains,  hence  the  name  adopted  for  this  layer.  This  view  was  generally 
accepted,  and  several  authors,  including  Von  Hohnel,^  Berthold,^^  and 
Liidtke,^  considered  that  the  size  and  other  characters  of  the  grains 
have  diagnostic  value  which  Wittmack  and  also  Moeller  have  disputed. 
Brahm  and  Buchwald,^  in  their  examination  of  prehistoric  cereals,  came 
to  the  conclusion  that  aleurone  grains  of  the  usual  type  do  not  exist  at 
all  in  the  aleurone  layer,  the  so-called  grains  being  but  small  fatty  lumps 
enclosed  in  a  protein  network. 

Our  own  studies  on  this  point  were  indecisive  when  fresh  material 
was  used,  but  an  examination  of  cross  sections  of  wheat  mounted  in 
glycerin  forty  years  previously  gave  unmistakable  evidence  of  the  correct¬ 
ness  of  Brahm  and  Buchwald’s  findings.  Neither  their  work  nor  ours 
owever,  precludes  the  possibility  of  minute  aleurone  grains  existing 
m  the  threads  of  the  network.  Others,  as  well  as  ourselves,  have  observed 
such  grams  m  a  protein  network  often  present  in  the  outer  starch  cells 
of  cereals,  especially  broom  corn,  and  it  is  not  improbable  that  the  gran- 
uar  network  separating  the  starch  grains  of  common,  barnyard,  and 

rman  millets  the  foxtails,  and  the  sorghums,  especially  after  adding 
sodium  hydroxide  as  noted  below,  is  due  to  such  grains.  ^ 

theif^nteliN  ‘aleurone  and  starch  cells  and 

contents,  one  runs  into  the  other;  some  of  the  outer  cells  of  the 

'  Bot.  Centralb.  1883,  15,  305. 

;  “  Watnk.  “d  Berlin,  1882. 

‘  Z.'  u7terf Nahr.SenuLm'.  p.  36.) 
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inner  parenchyma  often  may  have  starch  replaced  by  non-starchy  con¬ 
tents,  whereas  the  aleurone  cells  in  the  groove  may  contain  starch  grains, 
Whether  or  not  the  protein  contained  in  aleurone  cells  is  in  granular 
form,  there  is  no  conclusive  evidence  that  it  differs  from  that  of  starch 
cells. 

Credit  is  due  Kornicke  and  Werner  ^  and  Benecke  ^  for  studies  of 
the  color  located  in  the  contents  of  the  aleurone  cells.  In  wheat  and  all 
the  chaffy  wheats  there  is  no  blue  coloration.  In  einkorn  there  may  be 
a  faint  blue  coloration,  and  in  blue  varieties  of  maize  and  certain  green 
varieties  of  barley  a  strong  blue  coloration  is  present.  In  the  case  of 
pearl  millet  the  evidence  is  conflicting.  We  find  in  black  Mexican  sweet 
corn  and  certain  varieties  of  pop  corn  that  the  color  is  particularly 
strong,  contrasting  markedly  with  the  colorless  starchy  endosperm  and 
the  outer  bran  coats.  Noteworthy  is  Kornicke  and  Werner’s  observa¬ 
tion,  which  we  have  confirmed,  that  the-  coloration  is  located  in  the 
so-called  “  aleurone  grains  ”  anti  not  in  the  network  about  them.  We 
also  note  that  the  color  becomes  red  with  iicid  chloral  hydrate  solution 
and  is  discharged  by  sodium  hydroxide,  the  first  effect  of  the  reagent 
being  a  green  coloration  due  to  the  yellowing  of  the  walls  before  the  blue 
color  has  disappeared. 

The  term  aleurone  cells  is  here  retained  partly  because  aleurone  grains 
may  be  present  in  the  network  or,  if  not,  aleurone  is  a  fit  synonym  for 
protein,  and  partly  because  the  peculiar  form  of  the  cells  and  the  thick¬ 
ened  walls  correspond  to  a  type  of  cells  present  in  many  seeds  containing 
typical  aleurone  grains. 

Starch  Cells. — Adjoining  the  aleurone  cells  the  starch  cells  are  smaller 
and  the  starch  grains  are  smaller  than  further  inward.  Throughout  the 
starchy  endosperm  the  cell  walls  are  usually  thin;  in  oats,  however,  they 
are  swollen  in  the  outer  portion  of  the  kernel  and  in  chess  they  are 
swollen  in  all  parts.  As  a  rule,  the  form  of  the  starch  grains  is  much 
alike  in  members  of  the  same  group,  but  there  are  exceptions. 

Rye,  wheat,  and  barley  have  two  kinds  of  grains:  (1)  large  lenticular 
(up  to  over  50  /x  in  rye,  somewhat  less  than  50  n  in  wheat,  and  markedly 
less  in  barley)  with  indistinct  rings  and  hilum  and  showing  faint  crosses 
with  polarized  light;  and  (2)  small  rounded  or  angular  grains.  In  the 
chaffy  wheats  the  large  grains  are  slightly  smaller  than  in  common 
wheat. 

Maize  (excepting  sweet  and  waxy  varieties),  sorghums,  teosinte, 
and  Job’s  tears  have  also  two  kinds  of  starch  grains,  quite  different, 
however,  from  those  of  the  last  group.  In  the  horny  endosperm  they 

‘  Handbuch  des  Getreidebaues.  Berlin,  1885. 

2  Landw.  Vers.-Stat.  1889,  36,  337. 
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are  polygonal,  cemented  together  by  protein  matter  but  not  in  rounded 
or  oval  aggregates;  in  the  floury  endosperm  they  are  rounded.  Both 
forms  reach  20  to  30  tx,  have  distinct  hilums,  and  give  brilliant  crosses ' 
with  polarized  light.  Sweet  corn,  in  addition  to  soluble  carbohydrate, 
has  curious  starch  grains  occurring  singly  or  in  aggregates.  Waxy  maize 
contains  grains  of  a  carbohydrate  staining  red-brown  or  purple  with 
iodine. 

Common,  barnyard,  German,  and  pearl  millets  and  the  foxtails  have 
starch  grains  similar  to  the  maize  type  but  smaller  up  to  20  ii.  Coracan 
starch  is  similar,  but  grouping  in  aggregates  is  not  uncommon.  Chess 
has  elliptical  starch  grains  up  to  20  ix  with  elliptical  hilums. 

'  Other  cereals  (oats,  rice,  wild  rice,  teff,  canary  seed,  manna  grass, 
darnel)  have  small  individual  starch  grains  (less  than  10  y)  grouped  often 
in  oval  aggregates  of  few  or  many  individuals.  They  give  brilliant 
polarization  crosses  but  are  too  small  to  show  much  detail  of  structure. 

In  all  cereal  starches  the  hilum  is  central. 

Protein  matter  forms  the  matrix  in  which  the  starch  grains  of  horny 
endosperm  are  embedded.  The  film  between  individual  polygonal 
grains,  such  as  occur  in  maize,  is  of  necessity  thin.  Lenticular  grains  of 
the  wheat  type  permit  a  larger  amount  of  protein  even  in  the  horny 
endosperm. 

The  cell  nucleus  is  often  seen  in  aleurone  cells  without  special  treat¬ 
ment.  In  these  it  is  rounded.  By  means  of  nuclear  stains  it  may  be 
demonstrated  in  the  starch  cells  where  it  appears  to  be  of  more  irregular 
form.  With  our  present  knowledge,  a  distinction  of  the  nucleus  in 
different  cereals  at  maturity  is  impracticable. 

In  certain  of  the  cereals,  notably  the  sorghums,  the  protein  network 
enclosing  the  starch  grains  often  appears  granular.  Such  a  granular 
network  is  always  obtained  in  the  millets  and  foxtails  on  treating  with 
very  dilute  sodium  hydroxide.  These  observations,  noted  by  Harz  ’ 
(who  quotes  Pfeffer)  and  afterwards  confirmed  by  Vogl  2  and  ourselves, 
indicate  that  the  protein  matter  as  well  as  the  starch  may  have  definite 
form  in  certain  cereals.  A  network  of  gluten  is  obtained  in  wheat  by 
cautiously  heating  a  mount  as  recommended  by  Cobb.^  This  treatment 
does  not  bring  out  a  granular  structure  nor  does  treatment  of  starch 
cells  of  the  buckwheat  group  with  sodium  hydroxide. 

Embryo.— Although  the  general  structure  may  be  seen  under  the  lens 
in  the  larger  cereals,  the  microscope  must  be  depended  on  for  details 
btarch  IS  absent ;  fat  and  proteins,  abundant.  The  nuclei  of  the  cells  are 


^  Landwirthschaftliche  Samenkunde,  Berlin,  1885,  p.  1139. 

2  Wichtigsten  vegetabilischen  Nahrungs-  und  Genussmittel, 
®  Wisconsin  Bur.  Labor  Ind.  Statis.  1908,  V,  735. 
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relatively  large  and  may  be  seen  even  without  nuclear  stains.  The  cells 
are  for  the  most  part  polygonal  but,  in  the  radicle,  as  seen  in  longitudinal 
section,  are  more  or  less  rectangular,  forming  plates,  and  in  the  layer  of 
the  scutellum  adjoining  the  endosperm  they  are  palisade  cells  through 
which  the  starch  of  the  endosperm  after  solution  by  enzymes  is  transmit¬ 
ted  to  the  plantlet. 

The  number  of  secondary  radicles  varies  in  the  cereals  and  is  best 
determined  by  transverse  sections.  Harz,^  summarizing  the  work  of 
Richard,  Alirbel,  Gartner,  and  others,  states  that  in  maize,  sorghums, 
and  members  of  the  Panacese  (common,  pearl,  and  German  millets) 
there  is  one  secondary  radicle;  in  wheat,  rye,  and  oats,  two  to  four; 
in  barley,  four  to  nine. 

The  contents  of  the  embryo  cells  outside  of  the  plantlet  proper 
present  much  the  same  appearance  as  in  the  aleurone  layer. 

COMPARATIVE  CHEMICAL  COMPOSITION.— The  following 
table  represents  the  average  composition  of  the  common  cereals  in  the 
United  States  on  the  water-  and  chaff-free  basis. 


Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

/O 

% 

% 

% 

% 

Dent  maize . 

11.5 

5.6 

78.6 

2.6 

1.7 

Sweet  maize . 

12.8 

8.8 

73.2 

3.1 

2.1 

Brown  rice . . 

9.8 

2  0 

85.8 

1.1 

1.3 

Oats . 

15.9 

7.7 

73.2 

1.0 

2.2 

Wheat . 

13  3 

2.3 

80.4 

2.0 

2.0 

Rye . 

12.0 

1.9 

82. 1 

1.9 

2. 1 

Naked  barlev . 

13.5 

2.5 

80.3 

1.6 

2.1 

A  glance  shows  that  rice  with  about  80  per  cent  of  starch  is  pre¬ 
eminently  a  starch  seed,  and  the  others,  owing  to  higher  protein  and  fat 
content,  are  somewhat  less  starchy.  Sweet  maize  and  oats  represent 
the  first  link  in  the  chain  leading  to  true  oil  seeds.  By  selection,  the 
starch  may  be  still  further  reduced,  but  not  to  such  a  degree  as  to  remove 
any  member  from  the  starch  seed  class. 

The  groups  are  here  discussed  in  the  same  order  as  in  the  chapters 
on  the  individual  cereals. 

Proteins. — Overlooking  small  amounts  of  proteose  and  coagulum 
determined  by  Osborne,  also  acid  amides,  amino  acids,  and  peptides 
determined  by  Jodidi  et  ah,  the  proteins  consist  of  (1)  albumin  (water 


1  Loc.  cit.,  p.  1138. 
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soluble),  (2)  globulin  (brine  soluble),  (3)  prolamine  or  gliadin  (alcohol 
soluble),  and  (4)  glutelin  (alkali  soluble).  The  amount  of  albumin  is 
small  and  of  globulin  not  large ;  hence,  these  may  also  be  dismissed  from 
consideration  in  this  place. 

Characteristic  of  the  group  are  the  prolamines  (gliadins),  which  are 
represented  in  all  the  common  cereals,  although  only  in  small  quantity 
in  rice.  Osborne  states  ^  that  prolamines  have  not  been  found  in  any 
other  family  of  plants.  Whether  seeds  of  the  Cyperacex  and  other 
families  related  to  the  Graminex  have  been  examined  does  not  appear. 
Maize  contains  the  largest  amount  of  prolamine,  over  half  of  the  protein 
being  zein.  Sorghum  and  teosinte,  close  relatives  of  maize,  contain 
similar  prolamines.  Over  one-third  of  the  protein  of  wheat  is  gliadin, 
a  prolamine,  that  occurs  also  in  rye  and  quite  probably  in  barley,  but 
scarcely  more  than  one-tenth  of  the  protein  of  rice  and  oats  belongs  in 
this  group. 

Glutelin,  a  protein  group  insoluble  in  water,  brine,  or  alcohol,  but 
soluble  in  dilute  alkali,  ranks  next  to  prolamine  in  point  of  amount.  In 
maize,  a  glutelin  is  somewhat  less  abundant  than  zein;  in  wheat,  glutenin 
(a  glutelin)  is  more  abundant  than  gliadin,  whereas  in  rice  and  oats 
glutelins  form  the  bulk  of  the  protein  matter. 

Figures  for  amino  acids  of  the  proteins  and  for  the  nitrogen  distri¬ 
bution  in  the  proteins  and  the  grains  are  given  under  appropriate  heads. 

Fat  (Oil).  The  fat  is  located  almost  entirely  in  the  embryo — indeed, 
it  is  only  by  hand  separation  that  the  endosperm  and  bran  may  be 
obtained  without  suspicion  that  they  have  taken  up  oil  squeezed  out  of 
the  germ  by  machinery.  Although  the  results  are  somewhat  frag¬ 
mentary,  enough  has  been  done  to  show  that  there  is  little  difference  in 
the  values  or  the  composition  of  the  oil  from  the  different  cereals.  The 
general  range  of  the  saponification  number  is  from  180  to  194  and  the 
iodine  number  from  100  to  125.  Oleic  and  linolic  acids  together  con¬ 
stitute  70  to  80  per  cent  of  the  fatty  acids,  the  former  being  in  larger 
amount  in  maize  and  rice,  the  latter  in  barley.  The  remaining  acids 
are  palmitic,  stearic,  and  linolenic.  The  oils  are  accordingly  of  the  semi- 
arymg  class.  The  unsaponifiable  matter  of  the  oils  has  been  shown  by 

-XSolT**  “'*'*—*  o'  -  w  «.  -m™ 

more  of  the  nitrogen-free  e.xtraot,  sucrose  is  present  in  wheat  maize 

St., In  I  t  ^  other  soluble  carbohydrates  a 

stated  to  occur  in  members  of  the  group.  A  soluble  carbohydrate 

^  Vegetable  Proteins,  New  York,  1912,  p.  80. 
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characteristic  of  mature  sweet  maize.  Pentosans  are  associated  with 
cellulose  and  lignin  in  the  bran  tissues. 

Phosphorus-Organic  Compounds— Maize  contains  about  0.25  per 
cent  of  lecithin,  and  wheat  about  twice  as  much,  but  these  amounts  rep¬ 
resent  but  a  small  part  of  the  phosphorus  of  the  kernel.  The  phosphorus 
compounds  consist  in  large  part  of  phytin,  which  reaches  or  exceeds  1  per 
cent  of  the  kernel. 

Enzymes. — Of  the  enzymes  only  diastase,  which  forms  during  sprout¬ 
ing,  need  here  be  mentioned.  It  is  distinctly  an  enzyme  of  starch  seeds 
essential  for  conversion  of  reserve  starch  into  soluble  carbohydrates 
during  germination. 

Mineral  Constituents. — The  predominating  mineral  salts  of  the  naked 
cereals  are  potassium  and  magnesium  phosphates,  the  amount  of  the 
former  being  about  double  that  of  the  latter.  The  magnesia  is  largely  in 
the  bran  coats  and  germ,  hence  the  ash  of  wheat  flour  contains  about  as 
much  lime  as  magnesia.  The  chaff  is  rich  in  silica.  Soda,  sulphur  diox¬ 
ide,  and  chlorine  occur  in  variable  amounts.  Carbon  dioxide  is  absent, 
hence  the  ash  has  practically  no  alkalinity.  Recent  work  has  established 
the  presence  of  determinable  amounts  of  iron,  aluminum,  manganese, 
copper,  and  zinc,  also  traces  of  arsenic. 

Respiration  of  cereal  grains,  with  consequent  loss  of  carbon  dioxide, 
appears  to  take  place  throughout  ripening  and  also  after  harvesting. 
AIcGinnis  and  Taylor  ^  found  that  during  the  ripening  of  wheat,  barley, 
and  oats  the  loss  was  greatest  when  the  grain  contained  about  40  per 
cent  of  water  and  before  drying  set  in.  Loss  of  carbon  dioxide  naturally 
caused  a  corresponding  increase  of  protein,  but  other  factors  contribute 
to  increase  the  protein,  especially  in  the  formation  of  glutinous  kernels. 

DENT  MAIZE  OR  INDIAN  CORN 

Zea  Mays  L.  var.  americana  Mill.  =  Z.  Mays  L.  var.  dentiformis  Korn.  = 

Z.  indentata  Sturt. 

Fr.  Mais.  Sp.  Maiz.  It.  Miglio  Indiano.  Ger.  Mais. 

Although  maize  or  Indian  corn  is  recognized  as  a  plant  of  American 
origin,  it  is  uncertain  whether  or  not  it  is  a  natural  species  or,  as  some 
botanists  believe,  a  derivative  of  teosinte  {Euchlsena  mexicana  Schrad.); 
Weatherwax,2  however,  has  reached  the  conclusion  that  both  maize  and 
teosinte  are  species  descended  from  a  common  ancestor.  V arious  varietal 

M.  Agr.  Res.  1923,  24,  1041. 

2  Bui.  Torrey  Bot.  Club.  1918,  46,  309. 
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names  have  been  assigned  to  the  different  groups  by  both  European  and 
American  authors,  resulting  in  much  confusion. 

Beach,  in  Bailey’s  Cyclopedia  of  Horticulture,  gives  preference  to 
Sturtevant’s  classiucation  in  seven  agricultural  species  as  follows. 
Z.  indentata  (dent),  indurata  (fimt),  everta  (pop),  amylacea  (soft),  sac- 
charata  (sweet),  amylea-saccharata  (soft-sweet),  and  tunicata  (pod). 

All  these  names  would  be  appropriate  as  convenient  varietal  or  group 
(not  specific)  names,  were  it  not  that  satisfactory  names  had  previously 
been  adopted  for  dent,  flint,  sweet,  and  pod  varieties,  or  were  a  definite 
soft-sweet  group  tenable,  which,  as  noted  by  Kempton,  appears  not  to  be 


the  case. 

Not  only  is  maize  in  the  collective  sense  the  most  important  American 
cereal  but  the  acreage  as  well  as  the  money  value  of  the  crop  exceed  those 
of  any  other  crop — indeed,  this  statement  doubtless  applies  to  dent 
maize  alone,  as  it  is  this  variety  that  is  grown  in  the  great  corn-producing 
states  of  the  Middle  West.  The  national  prestige  of  this  giant  grass  is 
voiced  in  the  saying  ‘‘  Corn  is  King.” 

Only  a  small  fraction  of  the  enormous  American  crop  is  consumed 
by  human  beings,  although  in  some  states,  notably  in  the  South,  maize 
ranks  with  wheat  as  a  bread  cereal.  In  most  of  the  country,  particularly 
the  parts  with  the  densest  population,  maize  in  any  form  is  a  human  food 
of  secondary  importance.  By  far  the  greater  part  of  the  crop  is  consumed 
by  animals  on  the  farm  where  it  is  produced,  and  a  considerable  part  of 
what  remains  is  consumed  by  animals  in  regions  into  which  the  corn  or 
its  products  is  shipped.  Before  the  advent  of  prohibition,  enormous 
quantities  were  used  in  the  brewing  and  distilling  industries.  No  other 
product  is  used  in  the  United  States  to  any  considerable  extent  for 
starch  or  glucose  manufacture. 

MACROSCOPIC  STRUCTURE.-Dent  maize  is  characterized  by 
the  tooth-hke  form  of  the  kernel  and  the  indentation  at  the  top,  hence 
the  name  “  dent  ”  has  double  significance.  There  are  white,  yellow,  and 
red  varieties.  Variegated  and  blue  kernels  are  less  common.  By  cross¬ 
ing,  the  same  ear  may  have  kernels  of  a  variety  of  colors.  As  may  be 
seen  by  stripping  the  kernels,  the  color  of  yellow  varieties  is  located  in 
oth  the  pericarp  and  the  horny  endosperm;  of  red  varieties,  only  in  the 
F^ricarp;  and  of  blue  varieties,  as  noted  below,  only  in  the  contents  of 
the  aleurone  cells,  although  the  horny  endosperm  appears  blue  until  the 
aleurone  layer  is  cut  away.  White  kernels  become  yellow  on  soaking  in 

berme'green  ““  as  red  chaff  elements 

The  kernels,  each  in  a  chaffy  cup,  are  arranged  on  the  cob  in  double 
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grooves  wliich  disappear  when  the  kernels  reach  their  full  size.  Being 
in  double  rows,  the  total  number  of  rows  must  be  an  even  number. 

Cob  (Figs.  39  and  40). — Each  double  row  of  kernels  is  borne  on  a 
woody  longitudinal  strip,  each  strip  separat(‘d  from  its  neighbor  by  a 
thin  partition  of  soft  tissues,  the 
arrangement  being  like  that  of 
the  staves  of  a  barrel.  Within 
the  woody  zone^  thus  formed  is  a 
narrower  zone  containing  fibro- 
vascidar  bundles  [fu),  running 
longitudinally  through  the  cob, 
from  which  branches  run  out  through 


EG* 


Fig.  39.  Fig.  40. 

Fig.  39. — Maize.  Ear  in  cross  section  lookin';  toward  base.  XL  Reference 
letters  as  in  Fig.  40.  (A.L.W.) 

Fig.  40.— Maize.  Ear  in  radial  section.  Cob;  softer  and  harder  tissues 
of  woody  zone;  fv  liundle  zone;  rn  jiith;  R  rachilla;  EG^  lower  empty  glume; 

upper  empty  glume;  EC^  flowering  glume  and  palet  of  perfect  flower; 
FG^  flowering  glume  and  palet  of  rudimentary  flower;  I  depression  in  woody 
zone;  p  spongy  lining  of  empty  glumes.  Kernel:  FSN  j.ericarp,  spermoderm,  and 
perisjierm;  endosperm  with  al  alcurone  cells,  h  horny  and  fl  floury  part;  embryo 
with  pi  plumule,  ps  jilumule  sheath,  hy  hypocotyl,  r  radicle,  rs  radicle  sheath,  and 
sc  scutellum;  S  remains  of  stigma;  n  micropyle.  X4.  (A.L.W.) 

the  woody  zone  to  each  chaffy  cup  with  its  kernel,  and  within  the 

bundle  zone  is  a  central  core  of  yith  (m). 

On  the  surface  of  the  cob,  separating  each  pair  of  kernels  in  a  double 
row  from  its  neighbor  in  the  row,  are  transverse  depressions  {1)  clothed 
with  hairs.  Beneath  these  depressions  the  tissues  (w^)  of  the  woody 
zone  are  denser  and  darker  colored  than  in  other  parts  (w^). 
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The  chaffy  cups  are  formed  by  two  empty  glumes  {EG^,  EG^),  the 
flowering  glume  {FG^)  and  paid  (/^')  of  tlie  fertile  flower  and  the  flowering 
glume  (FG-)  and  palet  {F-)  of  a  rudimentary  flower.  Of  these,  the 
empty  glumes  are  thick  and  horny,  e.xcept  on  the  tip,  the  flowering 
glumes  and  palets  are  thin  and  papery.  Hairs,  evident  under  a  lens, 
occur  on  the  bases  of  the  empty  glumes  and  on  the  thin  tips.  The  inner 
basal  portions  of  the  empty  glumes  are  lined  with  a  soft  tissue  (p). 

Kernel  (Figs.  39  and  40).— The  general  structure  is  quite  evident  to 
the  naked  eye  because  of  the  large  size  of  the  grain  and  its  embryo. 
On  the  more  or  less  flattened  ventral  side  is  a  conspicuous  central  depress 
sion,  about  one-third  the  breadth  of  the  kernel,  extending  nearly  to  the 
apex.  Beneath  this  is  located  the  large  embryo  forming,  according  to 
Hopkins,  Smith,  and  East,^  9.59  per  cent  of  a  low-protein  (9.28  per  cent) 
kernel  and  11.93  per  cent  of  a  high-protein  (12.85  per  cent)  kernel,  all 
calculated  to  the  water-free  basis.  The  dorsal  side  is  smooth  and 
without  a  groove  such  as  occurs  on  members  of  the  wheat  group,  oats, 
and  many  other  grass  fruits. 

A  longitudinal  section  carefully  cut  with  a  penknife  shows  within 
the  bran  coats  (FSN),  consisting  chiefly  of  pericarp  and  aleurone  cells 
(al),  a  mass  of  horny  endosperm  (A),  a  central  core  of  floury  endosperm 
(fl),  and  the  embryo.  The  remains  of  the  stigma  (S)  form  a  small  hump 
on  the  top  which  in  some  varieties  of  the  species  is  continued  into  a  horn. 
In  the  embryo  may  be  seen  the  shield-like  scutellum  (sc),  with  its  veining 
of  procambium  bundles,  on  one  side  adjoining  the  endosperm,  on  the 
other  attached  in  the  center  to  the  hypocotyl  or  stem  of  the  plantlet  (hy), 
the  plumule  or  roll  of  leaves  {pi)  above  the  hypocotyl,  encased  in  the 
plumule  sheath  (ps),  and  the  radicle  or  rootlet  (r),  below  the  hypocotyl, 
encased  in  the  root  sheath  (rs).  As  is  not  the  case  with  wheat,  the  bot- 
ton  lobe  of  the  scutellum  is  much  larger  than  the  top  lobe.  Also  there 
is  no  evident  ligule  of  the  hypocotyl.  The  micropyle  (n)  or  opening 
through  which  fertilization  took  place  is  at  the  bottom  of  the  embryo 
MICROSCOPIC  STRUCTURE.-No  well-marked  distinctions  ’  in 
microscopic  structure  between  dent  and  flint  varieties  of  maize  have  yet 
been  brought  out.  Pop  corn  also  has  practically  the  same  structure 

Rachis  (Spindle  of  Cob),-The  structure  of  the  different  parts  varies 
somewhat  according  to  the  position.  Proceeding  from  the  bottom  of  the 
depression,  shown  at  I  in  Figs.  39  and  40,  through  the  cob  to  the  pith 
he  eleinents  seen  in  radial  section  (Fig.  41)  are  (1)  epiderm  of  small 

ho-Th  hairs  and  jointed,  blunt- 

pointed  ha^rs;  (2)  sclerenchyma  zone,  the  cells  ranging  from  elongated 

forms,  arranged  parallel  to  the  surface,  in  the  outer  la^rs  to  large 

1  Illinois  Agr.  Exp.  Sta.  1903,  Bui.  87. 
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diametric  forms  in  the  inner  layers;  (3)  bundle  zone  with  annular,  spiral, 
sclariform,  and  pitted  vessels;  and  (4)  pith  of  round-celled  parenchyma 
with  thin  walls  and  conspicuous  intercellular  spaces. 

The  cells  of  the  epiderm  in  surface  view  (Fig.  42,  ep),  are  small,  more 
or  less  isodiametric,  with  deeply  sinuous  walls.  The  unicellular  hairs 


Fia.  41. 


Fia.  42. 


Fig.  43. 


Fig.  41. — Maize.  Cob  in  radial  section  through  depression  (I,  Figs.  39  and  40) 
showing  epiderm  with  hairs,  elongated  and  isodiametric  sclerenchyma  cells,  fibro- 
vascular  bundle,  and  parenchyma  of  pith.  X32.  (A.L.W.) 

Fig.  42. — Maize.  Cob  in  surface  view  of  dei)ression  (I,  P4gs.  39  and  40).  ep 
epiderm  with  //  unicellular  hair  and  h  blunt  three-celled  hair;  hrj  hypoderm.  X160. 
(A.L.W.) 

Fig.  43. — Maize.  Rachis  (cob)  in  cross  section  through  elongated  sclerenchyma 
of  woody  zone.  X160.  (A.L.W.) 
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(H)  are  small  and  globular  at  the  base,  broadening  above  into  a  wide 
lumen;  the  jointed  hairs  (h)  have  two  or  more  joints  and  thin,  often 

beaded,  walls. 

The  elongated  cells  of  the  woody  zone  in  cross  section  show  branching 
canals  and  concentric  rings,  appearing  like  stone  cells  (Fig.  43).  In 


Fig.  44.— Maize.  Upper  empty  glume  in  cross  section,  ep  epiderm  with  thick- 
walled  porous  and  thinner-walled  non-porous  cells;  st  isodiaihetric  cells;  If  longi¬ 
tudinally  elongated  sclerenchyma  cells  and  fibro-vascular  bundle;  p  parenchyma 
with  compressed  inner  layers.  X160.  (A.L.W.) 


surface  view  (Fig.  42,  hy)  the  cells  immediately  underlying  the  epiderm 
are  somewhat  like  the  hypodermal  cells  of  wheat. 

The  epiderm  between  the  depression  and  the  base  of  the  top  empty 
g  ume  IS  quite  different  from  that  in  the  depression,  being  practically 

the  same  as  the  outer  epiderm  of  the  empty  glumes, 

the  end  is 

P  P  y-  cross  section  through  a  vein  with  its  bundle  is  shown  in 
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Fig.  44.  The  tissues  are  (1)  outer  epiderm  (ep)  of  characteristic  porous 
and  non-porous  cells,  (2)  outer  zone  of  isodiametric  sclerenchyma  cells  (st) 
with  large  lumens,  (3)  middle  zone  (If)  of  sclerenchyma  fibers  with  thick 
walls  and  small  lumen,  through  which  runs  the  fibro-vascular  bundle  with 
conspicuous  vessels,  (4)  parenchyma  (p),  and  (5)  compressed  parenchyma. 

The  outer  epiderm  in  surface  view  (Fig.  45)  is  strikingly  characteristic. 
The  porous  cells  are  thick- walled,  elongated  or  isodiametric;  the  non- 


Fig.  45.  Fig.  47. 


Fig.  45. — Maize.  Empty  glume  in  surface  view  showing  outer  epiderm  with 
porous  and  non-porous  cells  and  base  of  hair.  X300.  (A.L.W.) 

Fig.  46. — Maize.  Hairs  from  different  parts  of  cob.  X160.  (A.L.W.) 

Fig.  47. — Maize.  I  tissues  from  base  and  II  tissues  from  tip  of  flowering  glume. 
Ill  tissues  from  near  edge  of  membranous  tip  of  thick  empty  glume,  aep  outer 
epiderm  with  P,  P,  and  P  one-,  two-,  and  three-celled  hairs  respectively;  hy  hypo- 
derm;  fep  inner  epiderm.  X160.  (A.L.W.) 

porous  cells  are  thinner-walled,  often  elliptical  or  crescent -shaped, 
and  occur  singly,  in  pairs,  or  in  groups.  Their  analogy  to  the  round  cells 
and  twin  cells  of  oat  and  barley  chaff  is  often  evident.  Hairs  occur  on 
the  epiderm  in  parts.  Those  on  the  main  part  of  the  glume  are  often 
long,  whereas  at  the  base,  short  hairs,  shown  at  the  extreme  right  in 
Fig.  46,  are  present. 

At  the  ends  of  the  empty  glumes  the  papery  tissue  lacks  the  scler- 
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enchyma  and  parenchyma  layers. 


TTies  - 


The  outer  epiderm  (Fig.  47,  III)  is 
made  up  of  cells  with  thin,  deeply  sinuous  walls  and  hairs,  the  sinuosities 
disappearing  at  the  very  margin. 

An  inner  epiderm  of  elongated  straight-walled  cells  is  present  except 
at  the  very  edge. 

Flowering  Glumes  and  Palets. — These  have  practically  the  same 
structure  as  the  papery  ends  of  the  empty  glumes,  but  hairs  are  few  or 
lacking  except  at  the  base.  At  the  extreme  end  the  walls  become  straight 
and  the  elongated  form  changes  to  isodiametric  (Fig.  47,  II).  At  the 
base  the  tissues  are 
more  robust,  and  hairs 
of  various  types  are 
present  (Fig.  47,  I). 

Pericarp  (Fig.  48, 

F]  Fig.  49). — Soaking 
for  some  hours  in  water 
or  boiling  for  a  few 
minutes  with  1  per  cent 
sodium  hydroxide 
loosens  the  outer  from 
the  inner  bran  layers, 
the  separation  being 
through  the  cross  cells. 

The  tissues  on  the 
central  dorsal  side  of 
the  grain  are  (1)  epicarp 
{epi,  epi^)  of  elongated,  distinctly  porous  cells  without  hairs;  (2)  hypoderm 
(mes,  hy)  of  twelve  cell  layers,  more  or  less,  similar  to  the  epicarp:  (3) 
cross  cells  {tr)  forming  a  spongy  parenchyma;  and  (4)  numerous  narrow 
tube  cells  (tu). 

The  epicarp  cells  at  the  apex  {epi^)  are  much  smaller  than  those 
on  the  body  of  the  grain  but  otherwise  similar;  at  the  base  (epi^)  they 
are  somewhat  narrower,  much  shorter,  and  less  distinctly  beaded. 

The  hypoderm,  including  mesocarp,  forms  the  bulk  of  the  pericarp 
The  cells  being  closely  adherent  one  to  the  other,  their  structure  is  much 
obscured  in  surface  view.  In  cross  sections  the  lumens  in  the  outer 
liypodermal  layers  are  more  conspicuous  than  in  the  inner. 

Both  the  cross  cells  and  the  tube  cells  of  maize  are  distinctly  different 
from  those  of  the  wheat  group  but  are  more  like  those  of  oats,  rice  and 
the  sorghums.  Although  it  is  difficult  to  determine  whether  the  cross 

s  are  m  one,  two,  or  more  layers,  the  anastomosing  arms  indicate  that 
they  are  in  two  layers  at  least.  mmcate  tuat 


•  Fig.  48. — Maize.  Kernel  in  cross  section  through 
dorsal  side.  F  pericarp:  epi  epicarp,  mes  hypoderm 
(mesocarp),  tr  cross  cells,  tu  tube  cells  (endocarp). 
S  spermoderm.  N  perisperm.  E  endosperm:  al 
aleurone  cells,  am  starch  cells.  X160.  (A.L.W.) 
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Spermoderm  (Figs.  48  and  49,  S). — After  the  pericarp  layers  have 
been  stripped  off  as  indicated  above,  further  stripping  will  separate  the 
spermoderm  and  aleurone  cells.  When  mounted  in  chlorzinc  iodine 
solution  the  spermoderm  is  seen  to  consist  of  a  cuticular  skin  staining 
yellow,  but  no  cellular  structure  is  ordinarily  evident.  In  cross  section, 
similar  treatment  differentiates  the  spermoderm  as  a  narrow  yellow  band! 

Perisperm  (L  ig.  48,  A  ). — This  also  shows  no  cellular  structure  either 
in  cross  section  or  surface  view,  although  in  cross  section  it  forms  a 
narrow  colorless  band.  Authors  who  report  finding  cellular  structure 
in  either  the  spermoderm  or  perisperm  may  have  mistaken,  for  one  or 
the  other  of  these,  striations  due  to  tube  cells  or  the  network  formed  by 


Fig.  49. — Maize.  Bran  coats  in  surface  view,  epp  epicarp  at  base;  epi^ 
epicarp  at  apex.  Layers  on  dorsal  side:  epi^  epicarp,  hy  hypoderm,  tr  cross  cells, 
/u  tube  cells,  spermoderm,  aZ  aleurone  cells.  XIOO.  (A.L.W.) 


adherence  of  the  outer  walls  and  part  of  the  radial  walls  of  the  aleurone 
cells  to  the  united  spermoderm  and  perisperm,  both  common  phenomena. 

Endosperm  (Fig.  48,  E). — The  aleurone  cells  (Figs.  48  and  49,  al) 
are  in  a  single  layer.  Division  into  two  cells  by  tangential  partitions  is 
rare.  Measured  in  surface  preparations  they  differ  little  in  size  from  the 
aleurone  cells  of  rice  and  oats.  Special  mention  should  here  be  made  of 
the  strong  blue  coloration  of  the  contents  of  the  aleurone  cells  of  blue 
varieties  as  seen  in  cross  section,  contrasting  strikingly  with  the  colorless 
starchy  endosperm  and  the  outer  bran  coats.  This  statement  applies 
also  to  blue  or  blue-black  sweet  and  pop  varieties.  See  preliminary 
chapter  on  Cereals. 

The  starch  cells  in  the  horny  endosperm  are  closely  packed  with  starch 
grains  (Plate  II,  Fig.  13)  cemented  together  by  zein  or  other  protein 
contents,  forming  a  solid  mass.  Because  of  the  close  packing  the  form 
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of  the  grains  is  polygonal.  Aggregates  such  as  occur  in  rice  and  oats  are 
not  present.  Rounded  forms  make  up  the  bulk  of  the  loose  grains  in  the 
floury  endosperm.  Among  the  small  grains  are  various  forms  such  as 
triangular,  diamond-shaped,  rectangular,  sugarloaf-shaped,  etc.  The 
size  of  both  polygonal  and  rounded  grains  varies  up  to  30  /x  or  a  trifle 
more.  A  large  central  hilum  or  a  corresponding  rift  or  rosette  of  rifts  is 
present.  With  polarized  light,  bright  crosses  are  formed. 

Embryo. — In  microscopic  structure  the  embryo  is  much  like  wheat 
embryo,  but  the  cells  are  larger,  particularly  in  the  radicle. 

Chief  Structural  Characters. — Cob  with  woody  zone  and  soft 
pith;  chaff  with  thick  and  thin  glumes;  kernel  tooth-shaped,  flattened, 
with  dent  at  top.  Endosperm  with  differing  proportions  of  horny  and 
floury  substance;  embryo  large,  beneath  depression. 

Woody  zone  of  cob  with  elongated  and  isodiametric  sclerenchyma 
cells.  Empty  glumes  with  thick-walled  porous  and  thin-walled  non- 
porous  epidermal  cells.  Thin  glumes  and  palets  with  elongated  wavy- 
walled  cells.  Various  parts  of  cob  with  pointed  unicellular  and  blunt 
jointed  hairs.  Hypoderm  of  kernel  much  thicker  than  in  other  cereals; 
cross  cells  tubular,  unlike  those  of  the  wheat  group  but  much  like  those 
of  rice,  sorghum,  and  oats.  Spermoderm  with  no  evident  cellular 
structure  (distinction  from  the  wheat  group).  Starch  grains  polygonal 
or  rounded,  up  to  30  fx  or  more,  with  distinct  hilum.  Embryo  oily. 

MICROSCOPY  OF  MAIZE  PRODUCTS.— The  following  applies 
to  products  of  both  dent  and  flint  maize. 

Corn  and  Cob.  Only  one  product,  an  unusual  one,  known  as  cob 
meal  ”  consists  of  the  ground  whole  husked  ear.  Strictly  speaking,  this 
is  corn  and  cob  meal.  The  low  feeding  value  of  the  cobs  and  the  diffi¬ 
culty  of  grinding  them  militate  against  the  product.  Parts  of  the  cob 
particularly  hard  lumps  of  the  woody  zone,  and  fragments  of  the  thick 
and  papery  chaff  elements,  also  fragments  of  bran,  embryo,  and  lumps  of 
horny  endosperm,  may  be  picked  out  and  identified  under  the  microscope. 

Whole  Kernel  Products.— Com  Meal  ground  by  mill  stones  without 
separation  of  the  bran  or  embryo,  a  primitive  product,  is  still  esteemed 
m  some  sections,  particularly  in  the  Southern  States.  Owing  to  the  ores 
ence  of  the  embryo,  the  meal  deteriorates  rapidly  and  is  best  prepared 
and  consumed  locally.  Fragments  from  different  parts  of  the  kernefmav 

•» 

Cr^ked  Corn  is  a  coarse  product  suited  for  young  poultry. 

keted  ?he  unc  I  P-^ucts  are  mar- 

diff^  In  products,  manufactured  by  modern  machinery 

differ  m  the  degree  of  fineness,  the  order  being  (if hominylZ^Zl’ 
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(2)  coarse  meal,  (3)  fine  meal,  and  (4)  corn  fiour.  The  first  two  consist 
largely  of  the  horny  endosperm  whereas  the  last  two  contain  more  of 
the  starchy  endosperm  with  its  preponderance  of  rounded  starch  grains. 

Corn  Flakes,  consisting  essentially  of  rolled  and  roasted  grits,  is  a 
package  cereal  food  highly  esteemed  in  the  United  States.  The  starch 
grains  are  much  distorted. 

Puffed  Corn  is  made  from  large  lumps  of  the  endosperm  “  exploded  ” 
by  heat  as  described  for  puffed  wheat. 

Lye  Hominy  or  Hulled  Corn  is  a  product  inherited  like  the  cereal 
itself  from  the  aborigines  who  used  as  the  decorticating  agent  wood 
ashes.  Formerly  prepared  in  the  household  or  by  local  venders,  using 
the  primitive  process,  it  is  now  decorticated  by  lye  on  a  large  scale  in 
canning  establishments.  The  kernels  swell  during  manufacture  to  con¬ 
siderable  size,  which  phenomenon  is  associated  with  the  distortion  of  the 
starch  granules. 

Corn  Starch. — See  Commercial  Starch. 

Corn  Offals. — Corn  Cobs,  being  rich  in  pentosans,  have  offered  a  fertile 
field  for  technical  investigation.  Where  fuel  is  scarce  and  corn  plenty 
they  are  often  burned  for  their  heat.  Tobacco  pipes,  made  by  hollow¬ 
ing  out  the  center  to  the  woody  layer  and  trimming  off  the  chaff,  are 
well  known  in  the  United  States.  Manufactures  of  furfural,  adhesives, 
and  other  cob  products,  bid  fair  to  reach  large  proportions. 

The  addition  of  ground  cobs  to  wheat  bran,  a  fraud  that  led  one  of  us  ^ 
to  make  a  systematic  study  of  the  cobs,  is  now  infrequent.  Among  the 
tissues  of  the  cob  unlike  those  of  wheat  bran  are  (1)  pointed  hairs  with 
lumens  several  times  the  thickness  of  the  walls,  (2)  jointed  hairs,  (3) 
sclerenchyma  in  hard  lumps,  (4)  wavy-walled  epidermal  cells  of  the  thin 
chaff,  and  (5)  the  two  forms  of  epidermal  cells  of  the  thick  chaff.  The 
last  named  may  be  removed  by  warming  fragments  in  1  per  cent  sodium 
hydroxide  and  scraping. 

In  the  preparation  of  decorticated  products.  Corn  Bran  is  obtained  or 
else  a  by-product  containing  the  bran.  Corn  bran  has  at  times  been 
added  to  wheat  bran,  to  which  it  is  inferior  partly  because  the  hypoderm 
is  much  thicker  and  partly  because  the  natural  separation  through  the 
cross  cells  tends  to  leave  the  aleurone  layer  with  the  more  starchy 
products. 

Starchy  by-products  of  the  manufacture  of  hominy  include  Hominy 
F eed  and  Starch  Feed. 

Gluten  Meal,  the  highly  nitrogenous  dried  residue  obtained  in  the 
manufacture  of  glucose,  consists  of  hard,  rounded  lumps,  with  such 

*  Oesterr.  Chem.  Ztg.  1900,  3  N.F.,  345;  Connecticut  Agr.  Exp.  Sta.  Rep.  1900, 

D.  186. 
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starch  as  remains  well  disorganized.  Bran  elements  are  present  but 

not  in  such  amount  as  in  gluten  feed. 

Germ  Cake  is  the  residue  from  the  manufacture  of  maize  oil  from  the 
embryo  separated  by  degermination  and  is  ground  to  form  Germ  Oil 
Meal.  The  germ  tissues  are  readily  recognized. 

CHEMICAL  COMPOSITION  . — For  convenience  in  comparison,  all 
the  varietal  groups  (dent,  flint,  pop,  soft,  and  sweet)  are  treated  together 
in  this  section. 

Maize  Cob. — The  minimum,  maximum,  and  average  results  of  eight¬ 
een  early  analyses,  given  in  Jenkins  and  Winton’s  Compilation^  follow: 


Composition  of  Maize  Cob 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

7.18 

1.22 

0.08 

43.84 

18.21 

0.68 

Max . 

24.76 

3.73 

0.92 

66.68 

38.26 

2.73 

Average . 

10.68 

2.37 

0.62 

54.89 

30.13 

1.41 

Analyses  made  at  the  Connecticut  Agricultural  Experiment  Station  ^ 
confirm  the  early  results. 

Cellulose,  xylan,  and  lignin  are  the  chief  substances,  irregularly 
divided  between  the  nitrogen-free  extract  and  fiber. 

Hudson  and  Harding  ^  obtained  a  yield  of  12  per  cent  of  crude  xylose 
of  high  purity  from  maize  cobs  and  rate  this  raw  material  as  a  better 
source  of  the  sugar  than  cottonseed  hulls. 

By  successive  treatment  of  cobs.  La  Forge  and  Hudson  secured 
adhesive  gum  30,  crystalline  xylose  5,  acetic  acid  2.5  to  3,  and  crystalline 
glucose  37  per  cent.  The  xylose  is  about  half  as  sweet  as  sugar. 

Lignin.— mgglund  and  Malm  ^  claim  that  pentosans  are  an  integral 

part  of  the  lignin  molecule.  Heuser  e  and  Phillips  ^  present  evidence  to 
the  contrary. 

Phillips,  by  extraction  of  cobs  with  dilute  sodium  hydroxide  neu¬ 
tralization,  and  precipitation  with  hydrochloric  acid,  prepared  lignin 

^  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.,  1892,  Bui.  11. 

2  Rep.  1889,  pp.  25,  26,  222. 

3  J.  Am.  Chem.  Soc.  1918,  40,  1601. 

M.  Ind.  Eng.  Chem.  1918,  10,  925. 

^  Cellulosechem.  1923,  4,  73,  84. 

®  Ibid.  1923,  4,  77. 

M.  Am.  Chem.  Soc.  1927,  49,  2037. 
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amounting  to  3.49  per  cent  of  the  cobs,  corresponding  to  the  formula 
C40H46O16,  which  is  in  reasonable  agreement  with  the  formulas  of  lignin 
from  rye  straw,  C4()H440i5,  given  by  Beckmann,  Liesche,  and  Lehmann, ^ 
and  from  flax  shoves,  C4Ji48()iG,  siven  by  Powell  and  Whittaker.^ 
Maize  Kernel  and  Mill  Products. — All  the  analyses  summarized  in 
the  following  table  are  from  Jenkins  and  Winton’s  Compilation  ^ 
except  18  of  samples  exhibited  at  the  World’s  Fair  at  Chicago  in 
1893  and  12  analyzed  in  1906  and  reported  by  Chamberlain/'^ 

Generalizations  from  tables  of  composition  like  the  one  below  should 


Composition  of  Maize 


Samples 

Water 

Protejn 
(NX  0.25) 

lat 

N-f.  ext. 

I  il.er 

Ash 

Dent  varieties  1892: 

# 

8() 

% 

% 

/o 

% 

% 

% 

Min . 

0 . 22 

7.53 

3. 10 

()5 . 40 

0.88 

1  04 

Max . 

> 

19.42 

12.78 

7.49 

75.73 

4.81 

2.04 

Average . 

Flint  varieties  1892: 

08 

10  66 

10.26 

6.02 

70.40 

2.24 

1.63 

Min . 

4.53 

7.00 

3.40 

04.95 

0.07 

1 .03 

Max . 

19.00 

13.05 

7.13 

70.74 

2.88 

1  .92 

Average . 

Dents  and  flints: 

World’s  Fair  1893 

18 

11.31 

10.62 

4.99 

70  09 

1  66 

1.44 

Average . 

Chamberlain  190t) 

12 

10.93 

9.88 

4.17 

71.96 

1.71 

1  36 

Average . 

Sweet  varieties: 

20 

13.06 

8.61 

3.84 

71.26 

1.93 

1.31 

Min . 

5.98 

9.45 

3.79 

01.78 

1  .40 

1 .42 

Max . 

10.80 

15.31 

11.90 

72.35 

5.24 

2.35 

Average . 

Pop  varieties: 

4 

8.82 

11.62 

8.13 

66.72 

2  79 

1.92 

Min . 

8.01 

9.09 

4.18 

08.38 

1.10 

1 .24 

Max . 

12.00 

13.13 

5.98 

71.09 

2.34 

1  .74 

Average . 

Soft  varieties: 

5 

10.71 

11.22 

6  18 

69.66 

1  76 

1  47 

Min . 

0.09 

8.82 

5.00 

05.97 

1.28 

1 .41 

Max . 

14.08 

14.50 

5.74 

75.50 

3.25 

1.85 

Average . 

9  26 

11  41 

6  47 

70.29 

2.00 

1.67 

^  Z.  angew.  Chem.  1921,  34,  285. 

2  J.  Chem.  Soc.  1924,  126,  357;  1925,  127,  132. 
2  Loc.  eit. 

*  U.  S.  Dept.  Agr.,  Bur.  Chem.,  1895,  Bui.  46. 

6  Ibid.  1909,  Bui.  120.  • 
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be  made  with  caution,  as  it  is  impossible  to  secure  samples  accurately 
representative  of  the  whole  country,  all  years,  and  all  varieties,  espe¬ 
cially  as  the  same  variety  varies  so  greatly  through  natural  causes  as  well 
as  breeding.  Hence  it  is  not  justifiable  to  conclude  from  the  averages 
that  dents  and  flints  are  practically  identical  in  composition,  or  that  field 
corn  (dent  and  flints)  has  degenerated  in  protein  content  from  before 
1892  to  1906,  although  such  may  appear  on  the  surface  to  be  the  case. 
It  may,  however,  be  safely  stated  first,  that  maize  (including  all  varieties) 
has  a  higher  fat  content,  owing  to  the  larger  embryo,  than  any  other 
cereal,  and  second,  that  sweet  corn  has  a  higher  fat  content  than  any 
other  varietal  group,  even  when  allowing  for  an  increase  due  to  breeding. 

Relation  of  Ripeness  to  Composition. — An  extensive  series  of  analyses 
of  immature  maize  (“  soft  corn  ”)  as  compared  with  mature  maize  has 
been  made  by  Spitzer,  Carr,  and  Epple  at  the  Purdue  Experiment  Sta¬ 
tion. ^  Three  grades  were  chosen:  (1)  very  immature,  incapable  of  ger¬ 
minating,  (2)  more  mature,  capable  of  germinating,  and  (3)  inter¬ 
mediate.  A  summary  of  the  first  two  and  mature  maize  follows: 


Average  Composition  of  Normal  and  Immature  Maize  (Spitzer,  Carr,  and 

Epple) 


Normal 

Immature 

Very 

immature 

Results  in  percentage  of  kernel: 

Water . 

10.50 
10.10 
^  no 

^  Ol 

8.06 

9.92 

2.67 

2.40 

45.77 

Protein  . 

D  .  Z1 

1  r\ 

Fat . 

lU .  OU 

A  OO 

Water-soluble  starch  and  dextrin 

o .  uu 

3.38 

42.50 

71.95 

24.87 

9  nn 

2.17 

47.65 

75.18 

Normal  starch  (diastase) .  . 

Total  starch  (acid  hydrolysis) 

Pentosans,  etc.  (difference) 

24.87 

Fiber . 

Ash . 

^ .  uu 

1 

2.36 

1.56 

8.00 

14.23 

69.41 

10.58 

4.38 

Results  in  percentage  of  total  nitrogen: 

Total  melanin  nitrogen . . 

1  .  OU 

9.78 

1 9 

1 . 95 

Ammonia  nitrogen . . 

9.68 

Monoamino  acid  nitrogen 

63.43 

13.41 

Diamino  acid  nitrogen 

63.16 

Amide  nitrogen . 

1 0  *  Ol) 

11.26 

Results  in  percentage  of  total  protein: 

Glutelins. . 

0 1  Af\ 

5.27 

42.45 

15.08 

Zein .  .  . 

ol  .  00 

40.63 

Globulins,  etc. . 

41 .00 

oo  r\n 

29.41 

22.14 

— 

zz .  uo 

21.61 

23.04 

^  J.  Am.  Chem.  Soc.  1919,  41,  1212. 
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The  authors  note  that  the  normal  starch,  nitrogen-free  extract,  and 
amide  nitrogen  appear  to  be  higher  in  immature  than  mature  maize. 
Moldy  maize  contains  a  large  amount  of  nitrogen  in  amide  form.  The 
formation  of  protein  and  carbohydrates  apparently  proceeds  steadily 
during  growth  whereas  fat  is  formed  last.  Glutelin,  the  most  abundant 
protein  of  maize,  seems  to  occur  in  smaller  amount  in  immature  than 
mature  maize.  Amide  nitrogen  and  acidity  may  serve  as  an  index  of 
grading.  The  acidity,  given  only  for  medium  immature  kernels,  ranged 
from  15.2  to  41.8. 

Breeding  as  Affecting  Composition. — In  1896,  Hopkins  and  his  asso¬ 
ciates  at  the  Illinois  Agricultural  Experiment  Station,  realizing  the  dif¬ 
ferent  purposes  for  which  maize  is  used  and  the  desirability  of  increasing 
or  decreasing  the  content  of  certain  constituents  to  meet  special  require¬ 
ments,  undertook  to  breed  maize  with  high  and  low  protein  content 
(and  correspondingly  low  and  high  starch  content)  and  high  and  low 
fat  content.  Starting  with  one  variety  (“  Illinois  ”),  Hopkins,  Smith, 
and  East,^  in  seven  generations  by  selection  based  on  chemical  analysis 
of  part  of  the  kernels  of  each  ear,  obtained  strains  with  high  and  low 
protein  and  high  and  low  oil  contents  having  the  following  composition: 


Protein 

Fat  (oil) 

Carbohj’drates 

Ash 

% 

% 

% 

% 

High  protein . 

14.44 

4.93 

79 . 00 

1.50 

Low  protein . 

0.71 

4.21 

87.71 

1.37 

High  oil . 

11.31 

7.00 

80.14 

1 .55 

Low  oil . 

9.98 

2.52 

80.07 

1 .44 

In  1912,  after  fifteen  years  of  breeding.  Smith  -  states  that  the  variety 
known  as  “  Burr’s  White,”  with  10.92  per  cent  of  protein  and  4.70 
per  cent  of  fat  in  1896,  was  bred  so  as  to  secure  strains  with  a  stretch  of 
7.89  to  13.78  per  cent  of  protein  and  other  strains  with  a  stretch  of  2.05 
to  7.51  per  cent  of  fat. 

Distribution  of  Constituents  in  Kernel.— Vorhees  ^  dissected  maize 
kernels  and  obtained  separately  endosperm,  embryo,  and  hulls.  Analy¬ 
ses  of  these  same  parts  yielded,  respectively,  the  following  results,  cal¬ 
culated  to  the  water-free  basis:  protein  12.15,  19.54,  6.52;  fat  1.53, 
26.65,  1.57;  nitrogen-free  extract  84.99,  41.20,  74.42;  fiber  0.65,  2.59, 
16.24;  ash  0.68,  10.02,  1.25  per  cent. 

1  Illinois  A^r.  Exp.  Sta.,  1903,  Bill.  87. 

2  Eighth  Tnt.  Cong.  Appl.  Chem.  1912,  13,  201. 

2  New  Jersey  Agr.  Exj).  8ta.  1894,  Bui.  106. 
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Distribution  of  Parts  and  Chemical  Constituents  in  the  Maize  Kernel 

(Hopkins,  Smith,  and  East) 


(Results  in  percentages  of  the  dry  whole  grain) 


Physical 

distribu¬ 

tion 

% 

Low-protein  ear: 

Tip  cap . 

1.20 

Hull . 

5.47 

Horny  gluten  * . 

11.61 

Horny  starch  f . 

37.15 

Crown  starch . 

21.26 

Tip  starch . 

13.71 

Embryo  (germ) . 

9.59 

Total . 

99.99 

Whole  grain . 

Medium-protein  ear: 

Tip  cap . 

1.46 

Hull . 

5.93 

Horny  gluten  * . 

8.51 

Horny  starch  f . 

47.08 

Crown  starch . 

17.01 

Tip  starch . 

8.48 

Embryo  (germ) . 

11.53 

Total . 

100.00 

Whole  grain . 

High-protein  ear: 

Tip  cap .  ■ 

1.62 

Hull . 

6.09 

Horny  gluten  * . 

13.32 

Horny  starch  f . . 

44.89 

Crown  starch .  .  . 

13.88 

Tip  starch . 

8.28 

Embryo  (germ) .  .  . 

11.93 

Total . 

100.01 

Whole  grain .... 

Protein 
(NX  6.25) 

Fat  (oil) 

Carbo¬ 

hydrates 

Ash 

% 

% 

% 

% 

0.09 

0.01 

1.09 

0.01 

0.27 

0.05 

5.10 

0.04 

2.23 

0.46 

8.81 

0.11 

3.02 

0.06 

34.01 

0.07 

1.53 

0.04 

19.62 

0.07 

0.84 

0.04 

12.79 

0.04 

1.91 

3.50 

3.17 

1.01 

9.89 

4.16 

84.59 

1.35 

9.28 

4.20 

85.11 

1.41 

0.13 

0.03 

1.28 

0.02 

0.23 

0.05 

5.60 

0.05 

1.89 

0.59 

5.88 

0.15 

4.80 

0.11 

42.05 

0.11 

1.35 

0.03 

15.59 

0.04 

0.65 

0.03 

7.77 

0.03 

2.28 

4.02 

4.09 

1.14 

11.33 

4.86 

82.26 

1  .54 

10.95 

4.33 

83.17 

1.55 

0.08 

0.03 

1.48 

0.03 

0.23 

0.05 

5.74 

0.07 

3.27 

0.61 

9.20 

0.23 

4.93 

0. 10 

39 . 76 

0.09 

1.20 

0.07 

12.56 

0.05 

0.60 

0.11 

7.51 

0.05 

2.33 

4.02 

4.38 

1.19 

12.64 

12.85 

4.99 

5.36 

80.63 
80.12  - 

1.71 

1.67 

*  Outer  endosperm  including  aleurone  cells. 

t  Inner  horny  endosperm. 


Hopkins  Smith,  and  East  ■  designate  the  parts  of  the  kernel  as 
(1)  hp  cap,  the  loose  basal  tissues;  (2)  hull,  the  thin  outer  bran  coat; 

^  Loc.  cit. 
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(3)  horny  gluten,  the  outer  horny  or  glassy  part  including  the  aleurone 
layer  containing  starch  as  well  as  protein;  (4)  horny  starch,  the  inner 
horny  or  glassy  tissue  containing  protein  as  well  as  starch;  (5)  starchy 
matter  arbitrarily  divided  into  crown  starch  (in  the  broad  end)  and  tip 
starch  (in  the  narrow  basal  end);  and  (G)  germ  (embryo). 

After  soaking  for  15  to  20  minutes,  these  parts  were  separated 
mechanically — the  tip  cap  by  cutting  under  one  edge  and  pulling,  the 
hull  by  stripping,  the  horny  gluten  by  shaving,  the  tip  and  crown  starch 
by  scraping,  and  the  germ  by  careful  dissection.  In  the  process  about 
20  per  cent  of  mixed  waste,”  derived  from  horny  gluten,  horny  starch, 
and  crown  and  tip  starch,  accumulated,  and  like  the  other  parts  was 
weighed  and  separately  analyzed. 

From  the  percentages  of  these  parts  and  the  analysis  of  each  were 
derived,  by  calculation,  tables  in  which  the  mixed  waste  and  its  chemical 
constituents  were  added  in  suitable  proportion  to  the  parts  from  which  it 
was  derived,  the  errors  of  this  procedure  being  too  slight  to  affect  the 
general  conclusions  seriously.  One  of  these  tables,  showing  the  propor¬ 
tion  of  the  several  parts  thus  corrected  in  the  whole  grain  and  the  chem¬ 
ical  constituents  in  each  part,  expressed  in  percentage  of  the  dry  whole 
grain,  is  here  reproduced.  From  it  may  be  derived  the  composition  of 
each  part  in  percentage  of  the  part  by  multiplying  each  chemical  con¬ 
stituent  by  100  and  dividing  by  the  percentage  of  that  part  in  the  whole 


grain. 

A  glance  at  the  foregoing  table  shows  that  the  “  tip  cap’  and  hulls 
contain  insignificant  amounts  of  food  constituents,  that  the  fat  and  ash 
are  largely  located  in  the  embryo  and  that  the  protein  and  carbohydrates 
are  largely  distributed  among  “  horny  gluten,”  “  horny  starch,”  “  crown 
starch,”  and  “  tip  starch.”  A  low  carbohydrate  content  and  m  this 
particular  case  a  somewhat  higher  embryo  and  fat  content  are  correlated 
with  a  high  protein  content.  The  authors  state,  however,  that  an 
increase  in  protein  does  not  necessarily  mean  an  increase  in  fat— m  fact, 
in  some  cases  there  is  a  decrease. 

The  composition  of  the  embryo  and  of  the  endosperm  and  hulls, 
after  the  removal  of  the  embryo,  of  rci)rcscntative  high-  and  low- 
protein  and  also  of  high-  and  low-oil  samples  illustrates  well  the  wide 
difference  in  the  percentages  of  the  constituents  and  certain  cor¬ 
relations.  The  figures  tabulated  on  the  following  page  are  the  averages 
of  agreeing  duplicates. 

The  endosperm  of  the  high-protein  strain  contained  nearly  two  and 
one-half  times  as  much  protein  as  that  of  the  low-protem  strain;  t  e 
embryo  of  the  two  strains,  however,  showed  only  moderate  differences. 
High  protein  was  associated  with  low  starch,  and  vice  versa. 
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Composition  of  Parts  of  IMaize  Kernel  Bred  for  High  and  Bow 
Constituents  (Hopkins,  Smith,  and  East) 


Kind  of  corn 

Protein 

(NX6.25) 

Fat 

(oil) 

Carbohy¬ 
drates  (by 
difference) 

Ash 

Embryo . 

low-protein 

% 

18.01 

% 

34.09 

% 

37.73 

% 

10.17 

high-protein 

21.25 

35.50 

33.15 

10.10 

low-oil 

21.71 

24.81 

40.24 

13.24 

high-oil 

17.69 

41.76 

31.77 

8.78 

Endosperm  and  hulls. . . 

low-protein 

5.69 

0.87 

93.01 

0.43 

high-protein 

13.80 

0.74 

85.08 

0.38 

low-oil 

9.14 

0.51 

89.90 

0.45 

high-oil 

10.36 

1.15 

88.11 

0.38 

In  the  case  of  the  high-  and  low-oil  strains  it  was  the  embryo  that 
showed  striking  differences  in  composition.  The  very  high  fat  content 
of  the  high-oil  strain  was  correlated  with  very  low  carbohydrate  content 
but  with  relatively  not  so  low  protein  content. 

The  authors  call  attention  to  the  preponderance  of  horny  gluten  as 
an  index  of  high  protein  and  a  large  embryo  as  an  index  of  high  oil,  thus 

enabling  the  farmer  to  select  his  seed  without  recourse  to  chemical 
analysis. 

Products  of  Maize  Milling. — The  analyses  below,  reported  by  Win- 
ton,  Burnet,  and  Bornmann,i  represent  a  series  of  products  of  two  roller 
process  mills,  one  grinding  white  corn,  the  other,  yellow  corn.  The 
meal  manufactured  in  both  mills  was  degerminated  and  bolted.  The 
meal,  flour  and  grits  were  analogous  to  the  different  grades  of  wheat 
flour,  exclusive  of  low  grade,  obtained  in  the  roller  or  gradual  reduction 
process.  The  meal  corresponding  to  the  low-grade  flour  of  the  wheat 
mills  was  run  in  with  the  feed. 

Com  (Maize)  Meal.-Winton,  Burnet,  and  Bornmann  ^  distinguish 
our  typos  of  corn  meal  milled  in  the  United  States  for  human  consump- 
ion.  (1)  whole  kernel,  (2)  undegerminated,  bolted,  (3)  degerminated 

olted,  and  (4)  “  standard, ”a  lower  grade  separated  from  the  last  named’ 

corresponding  to  “  clear  ”  wheat  hour  XPo  ..r,  u  i  ■  ' 

low  tL  „  f  wneat  hour.  I  he  corn  may  be  white  or  yel- 

thl’oft  r  thT'h  °ther  sections  for 

le  whole  kernel  meal  is  commonly  stone  ground,  often  on  a 

'  T.  S.  Dept.  Agr.  1915,  Bui.  216. 

^  Loe.  eit. 
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Composition  of  Maize  Products  of  the  Same  Milling 

(WiNTON,  IklRNET,  AND  BoRNMANN) 


Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

Acidity 

O' 

/o 

% 

% 

% 

% 

% 

White  corn: 

Corn . 

13.52 

9.12 

3.62 

70.50 

2.02 

1.22 

27.6 

Grits,  coarse . 

13.07 

8.78 

0.48 

76.78 

0.53 

0.36 

16.4 

Grits,  fine . 

12.12 

8.66 

0.64 

77.68 

0.48 

0.42 

16.6 

Meal,  cream . 

11.97 

7.85 

1.41 

77.65 

0.56 

0.56 

19.1 

Meal,  brewers’ . 

11.95 

8.00 

1.23 

77.59 

0.64 

0.59 

18.1 

Flour . 

11 , 19 

6.78 

2.87 

77.61 

0.80 

0.75 

22.1 

Germ . 

0.64 

16.62 

23.79 

40.30 

6.04 

6.61 

59.3 

Germ  cake . 

2.14 

20.22 

7.20 

54.39 

7.90 

8.09 

68.6 

Feed  (including  bran) . . 

11.00 

11.69 

8.44 

60.99 

5.03 

2.85 

52.4 

Bran . 

10.13 

8.43 

0.71 

02.85 

9.72 

2.16 

49.2 

Yellow  corn: 

Corn . 

13.45 

9.16 

5.10 

08.89 

2.00 

1.34 

35.4 

Meal,  bolted,  coarse .  .  . 

12.88 

9.78 

0.90 

75.60 

0.45 

0.39 

18.0 

Meal,  bolted,  fine . 

13.10 

9.09 

2.19 

74.48 

0.53 

0.61 

21.1 

Germ . 

11.29 

13.34 

18.07 

49.25 

3.98 

4.07 

62.5 

Bran . 

10.37 

9.06 

11.00 

57.19 

9.68 

2.70 

66.5 

small  scale,  the  clegerminat3cl  meal  is  roller  ground,  on  a  large  scale  and 
by  a  system  analogous  to  the  gradual  reduction  process  of  milling. 

The  analyses  by  the  authors  named  above,  here  tabulated,  show  dif¬ 
ferences  in  composition  parallel  with  those  of  the  corresponding  products 
of  wheat  milling.  The  figures  for  acidity  were  obtained  by  the  method 
devised  by  Schindler  ^  and  employed  by  Black  and  Alsberg.^  The 
results  are  in  terms  of  cubic  centimeters  of  normal  alkali  per  kilo  of 
meal.  The  arbitrary  limit  of  acidity  adopted  by  Schindler  was  only 
slightly  exceeded  in  any  case  when  the  meal  was  ground,  the  higher 
figures  reported  being  due  to  changes  during  the  week  or  so  elapsing 

between  the  milling  and  the  analysis. 

Corn  Embryo  (Germ). — In  addition  to  the  analyses  in  the  foregoing 
tables,  an  analysis  by  Kalning^  is  of  interest:  protein  15.11,  fat  24.36, 
nitrogen-free  extract  48,72,  starch  24.75,  sugar  after  inversion  8.00, 
fiber  5.76,  and  ash  6.05  per  cent  in  the  dry  matter. 

Winterstein  and  Wtinsche,**  in  their  analysis  of  maize  germ  contain- 

1  Anleitimg  ziir  Beiirteilung  (lea  Maises,  etc.  Innsbruck,  1909. 

2U.  8.  Dept.  Agr.,  Bur.  Plant  Tnd.,  1910,  Bui.  199. 

3  Z.  ges.  Getreiden,  1917,  9,  167. 

*  Z.  physiol.  Chem.  1915,  96,  310. 
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ing  96.22  per  cent  of  dry  substance,  found:  fat  53.82,  pentose  0.13,  and 
ash  1.37  per  cent.  The  fat  contained  lecithin  2.11  and  unsaponifiable 
matter  1.81,  the  figures  being  percentages  of  the  fat. 


Composition  of  Corn  (Maize)  Meal  of  Different  Types 
(WiNTON,  Burnet,  and  Bornmann) 


Whole-kernel,  white; 

Min . 

Max . 

Average . 

Undegerminated,  bolted,  white: 

Min . 

Max . 

Average . 

Degerminated,  bolted,  white: 

Min . 

Max . 

Average . 

Degerminated,  bolted,  yellow: 

Min . 

Max . 

Average . 

Low  grade  ("Standard”),  white; 

Min . 

Max . 

Average . 


Samples 


11 


12 


18 


Water 


% 

10. 17 

13.28 

12.18 

10. 12 

I. 5.09 
12-99 

II. 97 

18.28 
13.98 

13.01 

17.85 

14.95 

10.01 

14.65 

12.41 


Protein 


% 

7.25 

9.41 

8.35 

7.47 

9.22 

8.75 

5.81 

8.84 

6- 95 

6.63 

8.63 

7- 52 

7.05 

9.97 

8.67 


Fat 


or 

/o 


3.56 

4.49 

4.01 

2.75 

5.14 

3.90 

0.70 

2.31 

1.43 

0.33 

1.81 

0.99 

2.83 
5.26 
3. 89 


N-f. 

ext. 


% 

70.60 

74.52 

72.19 

68.31 

73.76 

71-79 

72.41 
78.40 

76.42 

71.98 

76.64 

75.48 

68.26 

74.39 

72.48 


Fiber 


% 

1.36 
2.  19 
1-97 

0.77 

1.77 

1.30 

0.58 

0.96 

0.70 

0.46 

0.76 

0.63 

0.80 

1.80 

1-27 


Ash 


% 


1.20 

1.38 

130 

0.86 
1 . 65 
1.27 

0.35 

0.81 

0.52 

0.24 

0.65 

0.43 

0.85 

1.57 

128 


Acid¬ 
ity  * 


*  Cc.  N  alkali  required  to  neutralize  the  neutral-alcohol  extract  of  1  kilo  of  meal. 


20.7 

42.7 
29.0 

20.7 
46.0 

30.5 

10.6 
23.0 
17.0 

14.0 

19.7 
17.0 

19.7 

44.5 

25.2 


Respiration.— C.  H.  Bailey,*  in  experiments  with  shelled  maize 
found  that  moisture  determines  in  large  degree  the  rate  of  respiration! 
n  northern-grown  maize  it  proceeded  more  actively  than  in  southern- 
grown.  Immediately  after  harvesting,  the  rate  was  somewhat  less 
than  later  in  the  season.  Broken,  sprouted,  and  heat-damaged  kernels 

rJomTsTsT  S  ’ 

ture  trom  27.8  to  37.8  C.  nearly  doubled  the  rate 


‘Minnesota  Agr.  Exp.  Sta.  1922,  Tech.  Bui.  3. 
hjuar.  J.  Sci.  Lit.  Arts  1821,  11,  206. 

^  J.  prakt.  Chem.  1859,  76,  88. 
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Ritthausen  ^  corroborated  Stepf’s  determination  of  nitrogen  and 
made  complete  ultimate  analyses  of  zein  and  a  protein  soluble  in  dilute  • 
alkali  solution  of  which  he  found  0.5  per  cent  in  the  grain. 

Chittenden  and  Osborne  ^  and  Osborne  ^  repeated  the  work  of  the 
former  investigators  and  also  extracted  and  analyzed  minor  proteins. 

Osborne’s  determinations  of  the  percentage  amounts  of  the  different 
proteins  of  the  maize  kernel  follow: 


Nitrogen 

Protein 

Proteose  *  (soluble  in  water) . 

% 

0.0102 

% 

0.06 

Globulins  (soluble  in  salt  solution): 

Maysin  (coagulable) . 

0.0417 

0.25 

Edestin  (mostly  non-coagulable) . 

0.0181 

0.10 

V'^erv'  soluble  globulin . 

0.0061 

0.04 

Zein  (soluble  in  alcohol) . 

0.8065 

5.00 

Glutelin  (soluble  in  alkali) . 

0.4983 

3.15 

True  proteins . 

1.3809 

8.60 

Nitrogen  insoluble  in  alkali  . 

0.1645 

1.03 

1.5454 

'9.63 

*  No  albumin  appeared  to  be  present. 


Osborne  states  that  whereas  most  of  the  prolamines  are  little 
soluble  in  alcohol  of  less  than  50  per  cent  or  more  than  90  per  cent 
strength,  zein  readily  dissolves  in  alcohol  of  92  to  93  per  cent.  Osborne 
and  Harris^  found  the  specific  rotation  of  zein  in  90  per  cent  alcohol  to 
be  —28.0°;  Kjeldahl,®  using  75  per  cent  alcohol,  —35.0°. 

Jones  and  Csonka  ^  found  in  maize  two  glutelins,  a  and  The  total 
glutelin  is  first  precipitated  from  the  alkaline  extract  by  hydrochloric 
acid  added  to  pH  6.7  to  6.8.  The  precipitate  is  again  dissolved  in 
dilute  sodium  hydroxide  and  a-ghUelin  precipitated  by  ammonium  sul¬ 
phate  added  to  3  per  cent  saturation.  Its  isoelectric  point  (pH)  is  6.45. 
From  the  supernatant  liquid  ^-glutelin  is  precipitated  by  ammonium 
sulphate  added  to  16  per  cent  saturation. 

1  Ibid.  1869,  103,  471. 

2  Am.  Chem.  J.  1891,  13,  453,  529;  1892,  14,  20. 

3  Conn.  Agr.  Exp.  8ta.  Rep.  1896,  p.  391. 

*  Vegetable  Proteins,  1912,  p.  34. 

6  J.  Am.  Chem.  Soc.  1903,  26,  842. 

®  Bied.  Centr.  1896,  26,  197. 

M.  Biol.  Chem.  1928,  78,  289. 
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The  specific  rotation  at  20°  of  a-glutelin  as  found  by  Csonka,  Horn, 
and  Jones  ^  is  —72.6°.  ^-glutelin  being  present  in  small  amount,  its 
rotation  and  other  properties  were  not  determined. 

Ultimate  Composition. — Chittenden  and  Osborne  also  Osborne 
found  that  preparations  of  the  proteose  and  the  very  soluble  globulin 
were  not  uniform  in  composition  owing,  it  was  believed,  to  alteration  in 
the  process.  The  range  of  nitrogen  in  the  proteose  was  15.78  to  17.28, 
and  in  the  globulin,  15.16  to  15.69  per  cent.  Ultimate  analyses  of  the 
four  proteins  of  constant  composition  are  here  given. 


Ultimate  Composition  of  Maize  Proteins  (Chittenden  and  Osborne) 


Alkali-soluble 

protein 

Zein 

Maysin 

Edestin 

Carbon . 

% 

51. 2G 
6.72 
15.82 
0.90 
25.30 

% 

55.28 

7.27 

16. C9 
0.59 
20.77 

% 

52.66 

7.02 

16.76 

1.30 

22.26 

% 

51.71 

6.85 

18.12 

0.86 

22.46 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

ICO. 00 

100.00 

100.00 

100.00 

Amino  Acids  of  Maize  Proteins. — The  products  of  hydrolysis  of 
zem  and  maize  glutehn  have  been  determined  by  Osborne  and  Clapp  ^ 
following  in  the  main  the  methods  of  Fischer  and  Kossel.  Their  results 
arnended  m  the  case  of  zein  by  later  figures  obtained  by  Osborne  and 
Fiddle,  appear  on  the  following  page. 

-  f is  often  cited  as  indicating  a 

nutntional  deficiency  of  this  protein.  ^ 

Dakin  ^  developed  a  new  method  of  separation  of  the  products  of 
hydrolysis,  using  butyl  alcohol,  by  means  of  which  more  accural 
quantitative  results  are  obtained.  He  later  =  isolated  a  new  acid  ofThe 
icarboxyhc  group,  hydroxyglutamic  acid,  the  0  form  of  which  he  b 

^  Ibid.  1930,  89,  267. 

2  Am.  J.  Physiol.  1907,  20,  477. 

^  Ibid.  1910,  26,  295. 

'  Biochem.  J.  1918,  12,  290. 

'  Ibid.  1919,  13,  398. 

®  Z.  physiol.  Chem.  1923,  130,  159. 
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Products  of  Hydrolysis  of  Maize  Proteins  (Osborne  et  al.) 


Maize  glutelin 

Zein 

% 

%  ‘ 

Glycocoll . 

0.25 

0.00 

Alanine . 

. 

9.79 

Valine . 

1  SR 

Leucine . 

6.22 

1  .  oo 

19.55 

Serine . 

1  09 

Aspartic  acid . 

0.63 

1.71 

Glutaminic  acid . 

12.72 

26.17 

Tyrosine . 

3.48 

3.55 

Phenylalanine . 

1.74 

6.55 

Proline . 

4.99 

9.04 

Tryptophane . 

+ 

0.00 

Arginine . 

7.06 

1.55 

Lysine . 

2.93 

0.00 

Histidine . 

3.00 

0.82 

Ammonia . 

2.12 

3.64 

Total . 

45.14 

85.27 

centages  of  -amino  acids  in  zein:  alanine  3.8,  leucine  25,  glutamic  acid 
31.3,  /3-hydroxyglutamic  acid  2.5,  tyrosine  5.2,  and  phenylalanine  7.6 
per  cent.  In  later  experiments  ^  he  obtained  0.84  per  cent  of  pure  valine 
which  in  his  earlier  work  escaped  detection.  If  these  figures,  excepting 
the  valine,  also  those  of  Jones,  Gersdorff,  and  Moeller  ^  who  obtained 
0.85  per  cent  of  cystine  but  no  tryptophane,  are  substituted  for  those  of  . 
Osborne  and  Liddle,  as  shown  in  the  table  above,  the  footing  will  be  95.9 
per  cent. 

The  Nitrogen  Distribution  of  a-glutelin,  as  found  by  Jones  and 
Csonka,^  was:  amide  7.73,  cystine  2.04,  arginine  15.11,  histidine  2.81, 
lysine  7.99,  and  amino  in  filtrate  from  bases  59.64  per  cent. 

Nitrogen  Distribution  in  Maize  Kernel. — Nollau  ^  determined  the 
distribution  of  the  nitrogen  in  maize  kernel  by  Van  Slyke’s  method  with 
the  following  results:  humin  nitrogen  7.00,  cystine  nitrogen  4.06, 
arginine  nitrogen  16.19,  histidine  nitrogen  4.45,  lysine  nitrogen  8.53, 
monoamino  nitrogen  49.69,  non-amino  nitrogen  none,  and  amide  nitro¬ 
gen  4.63;  total  nitrogen  94.55  per  cent. 

'  J.  Biol.  Chem.  1924,  61,  137. 

2  Ibid.  1924,  62,  183. 

3  Loc.  cit. 

*.].  Biol.  Chem.  1915,  21,  611. 
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Free  Amino  Acids,  Acid  Amides,  and  Polypeptides.— Determinations 
by  Jodidi  ^  appear  in  the  following  table: 


Distribution  of  Non-Protein  Nitrogen  in  Dent  Maize  (Jodidi) 


Acid  amide 
N 

Amino  acid 
N 

Peptide 

N 

% 

% 

% 

In  oven-dried  kernel: 

Four  County . 

0.032 

0.045 

0.069 

U.  S.  Selection . 

0.019 

0.040 

0.050 

Hall  Gold  Nugget . 

0.021 

0.051 

0.036 

In  total  nitrogen: 

Four  County . 

1.88 

2. 05 

4.06 

U.  S.  Selection . 

1.19 

2.52 

3.14 

Hall  Gold  Nugget . 

1.44 

3.49 

2.47 

Fat. — Maize  oil  is  as  distinctly  an  American  product  as  maize  itself 
is  an  American  cereal.  In  its  purified  form  it  is  adapted  for  use  both  as 
a  salad  oil  and  a  shortening. 

Physical  and  Chemical  Values. — Hopkins^  found:  specific  gravity 
at  15°  C.  (3  samples)  0.9245  to  0.9262,  iodine  number  (4  samples) 
121.5  to  123.1,  and  volatile  fatty  acids  (1  sample)  none.  His  calculation 
showed  the  composition  of  the  oil  to  be:  cholesterol  1.37,  lecithin  1.49, 
stearin  (?)  3.66,  olein  44.85,  and  linolin  48.19  per  cent. 

Tolman  and  Munson  ^  summarized  the  values  obtained  by  them 
(4  samples)  and  others  for  commercial  corn  oil  as  follows: 


Sp.  gr. 
15.5°  C. 

Ref. 
index 
15.5°  C. 

Maumene 

No. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Fatty 
acids, 
m.  pt. 

Fatty 

acids, 

titer 

Fatty 

acids, 

free 

Min . 

0.9213 

0.9255 

1.4760 

1.4768 

56.0 

89.2 

188.0 

193.4 

111.1 

°C. 

°C. 

% 

Max . 

16.0 

13.0 

1.12 

123.9 

23.0 

16.0 

3.60 

Ivhmont^  obtained  the  following  results;  specific  gravity  at  15°  C. 


'  J.  Agr.  Res.  1925,  30,  587,  989. 

2  Illinois  Agr.  Exp.  Sta.  1898,  Biil.  63. 

’  U.  S.  Dept.  Agr.,  Bur.  Chem.,  1903,  Bui.  77 

'Pharm.  Post  1918,  61,  561. 
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0.920,  refractive  index  1.4740,  saponification  number  189.7,  and  iodine 
number  119.9. 

Corn  oil  pressed  by  means  of  an  “  oil  expeller  ”  from  corn  germs  pro¬ 
duced  by  the  “  dry  process  ”  was  examined  by  Baughman  and  Jamie¬ 
son  ^  both  as  to  its  physical  and  chemical  constants  and  its  composition. 
Their  figures  for  the  physical  and  chemical  values  are:  specific  gravity 
25°/ 25°  0.9185;  refractive  index  at  20°  C.  1.4717;  saponification  num¬ 
ber  187.3;  iodine  number  (Ilanus)  117.2;  acid  number  2.5;  acetyl 
number  10.0;  saturated  acids,  determined  12.3  per  cent  (iodine  number 
12.3),  corrected,  11.2  per  cent;  unsaturated  acids  and  unsaponifiable 
matter,  determined  83.3  per  cent  (iodine  number  136.9);  unsaturated 
acids,  corrected,  82.5  per  cent  (iodine  number  137.2);  unsaponifiable 
matter  1.7  per  cent  (iodine  number  113.5). 

Composition. — The  foregoing  authors  give  the  composition  of  the  oil 
as  follows: 


Glycerides  of:  % 

Lif^noceric  acid .  0.2 

Arachidic  acid .  0.4 

Stearic  acid .  3.5 

Palmitic  acid .  7.7 

Oleic  acid .  45.4 

Linolic  acid .  40.9 

Unsaponifiable  matter .  1.7 


99.8 


Sterols. — The  sterol  of  the  embryo  oil  with  a  melting  point  of  137  to 
137.5°,  which  Hopkins  ^  called  cholesterol,  was  shown  by  Gill  and 
Tufts  ^  to  be  the  sitosterol  of  Burian.'* 

Anderson  and  Moore  ^  found  that  the  unsaponifiable  matter,  amount¬ 
ing  to  2.01  per  cent  of  the  crude  oil  and  1.68  per  cent  of  the  refined  oil, 
consisted  largely  of  this  substance,  the  melting  point  being  practically 
the  same  as  reported  by  Hopkins,  and  the  optical  rotation  —34.38°. 

Further  investigation  by  Anderson  and  Shriner  ®  showed  that  the 
crystalline  substance  consists  of  (1)  dihydrositosterol  (C27H47OH), 
forming  about  1.6  per  cent  of  the  crude  crystals,  (2)  a  small  amount  of 
stigmasterol  (C30H.50O),  and  (3)  a  mixture  corresponding  to  sitosterol 

1  J.  Am.  Chem.  Soc.  1921,  43,  2696. 

2  Ibid.  1898,  20,  948. 

3  Ibid.  1903,  26,  251. 

*  Monatsh.  1897,  18,  551. 

fi  J.  Am.  Chem.  Soc.  1923,  46,  1944. 

« Ibid.  1926,  48,  2976. 
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C27H45OH  made  up  of  a-,  /S-,  and  y-sitosterol  of  which  only  the  j  form, 
melting  at  145  to  146°  and  polarizing  —42.43°,  was  secured  in  a  condition 
of  purity. 

The  endosperm  oil,  according  to  Anderson,  ^  contains  some  free  phytos¬ 
terol  with  melting  point  137  to  137.5°,  and  optical  rotation  —32.23°. 
After  saponification  of  the  oil  the  unsaponifiable  matter  consists  of  (1) 
optically  active  dihydrositosterol  (C27H470H-H20)with  larger  and  denser 
crystals  than  those  of  ordinary  sitosterol,  melting  at  138  to  139°,  (2)  a 
rather  large  amount  of  ordinary  sitosterol,  and  (3)  yellow-brown  oily 
matter.  Further  purification  of  the  sitosterol  by  Anderson  and  Naben- 
hauer  ^  yielded  crystals  melting  at  138  to  139°  and  having  a  rotation  of 
-36.69°. 

Carbohydrates. — Gorham  in  1821  determined  the  carbohydrates 
in  maize,  finding:  sugar  1.59,  gum  1.92,  fiber  3.30,  and  starch  84.60  per 
cent.  Although  regarded  as  chiefly  of  historic  interest,  his  figures  are 
not  so  unreasonable  as  many  secured  in  recent  years.  They  are  certainly 
nearer  the  truth  than  those  of  Archbold, ^  namely:  water  11.20,  gum  and 
sugar  2.90,  cellulose  16.40,  and  starch  54.80  per  cent. 

The  presence  of  sucrose  in  maize  was  demonstrated  by  Washburn 
and  Tollens,^  who  obtained  an  amount  of  the  crystalline  substance  from 
field  corn  equivalent  to  0.08  per  cent,  and  from  sweet  corn,  equivalent 
to  0.52  per  cent.  These  figures  of  course  do  not  represent  the  full 
amount  present.  In  sweet  corn  they  found  by  accurate  analytical 
methods  2.26  per  cent  of  sucrose  and  1.47  per  cent  of  invert  sugar,  total 

3.73  per  cent,  but  in  field  corn  the  total  sugar  was  usually  less  than  1 
per  cent. 

Following  Washburn  and  Tollens’  method,  examination  of  27 
samples  of  sweet  corn  at  the  Massachusetts  Station  yielded  the  fol¬ 
lowing  results,  sucrose  0.78  to  5.60,  aver.  3.51;  invert  sugar  0.69  to 
2.93,  aver.  1.76 ;  and  total  sugar  2.87  to  8.53,  aver.  5.27  per  cent. 

Stoned  reported  in  field  maize:  sucrose  0.24,  invert  sugar  none 
dextrin  0.28,  pentosans  4.99,  and  fiber  1.93  per  cent.  His  obviously 
erroneous  figures  for  starch  need  not  be  given.  His  figures  for  pentosans 
are  little  lower  than  he  had  previously  given  «  for  bran,  which  is  the 

chief  seat  of  this  carbohydrate,  but  Tollens  and  Flint  ^  later  found  over 
38  per  cent  in  this  material. 

'  J.  Am.  Chem.  Soc.  1924,  46,  1450. 

2  Ibid.  1924,  46,  2113. 

U.  Soc.  Chem.  Ind.  1887,  6,  84. 

'  Ann.  Chem.  1890,  267,  156. 

®  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1896,  Bui.  34. 

B.  deut.  chem.  Ges.  1890,  23,  3791. 

’  Ibid.  1892,  26,  2916. 
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See  Sweet  Corn  for  comparison  of  sugar,  gum,  and  starch  in  dent, 
Hint,  and  sweet  varieties. 

Pentosans  and  Methylpentosans  have  been  determined  by  Porst^ 
in  the  parts  of  the  maize  kernel  and  in  the  products  and  by-products  of 
the  starch  and  glucose  industry.  The  grade  of  maize  used  contained 
about  as  follows:  endosperm  85.7,  germ  7.5,  hulls  6.8  per  cent.  The 
percentages  of  pentosan  and  methylpentosan  in  these  (and  the  com¬ 
mercial  products  made  from  them),  calculated  to  the  dry  basis,  were: 
endosperm  1.45  and  0.74,  germ  0.63  and  0.02,  and  hulls  3.31  and  0.41  per 
cent,  respectively.  In  the  commercial  products  and  by-products  he 
found  pentosan  and  methylpentosan  in  the  following  percentages: 


Pentosan  and  Methylpentosan  in  Maize  Products  and  By-Products 

(Por.st) 


Pentosan 

Methylpentosan 

• 

% 

% 

Germ  meal . 

11.43 

0.57 

Oil  cake . 

23.00 

0.85 

Gluten  meal . 

4.06 

0.50 

Hulls . 

39.96 

2.79 

Corn  soluble . 

1.74 

0.46 

Gluten  feed . 

18.58 

1.21 

Green  starch . 

0.98 

1.40 

Food  starch . 

0.48 

1.21 

Corn  syrup  (42  per  cent  glucose,  dry  basis) . 

0.78 

0.90 

Anhydrous  sugar  (97  per  cent  glucose,  dry  basis). 

0.72 

1.18 

Bread  sugar  (94.5  per  cent  glucose,  dry  basis) . .  . 

0.66 

0.98 

Hvdrol  (mother  liquor  of  last) . 

0.86 

1.79 

No.  80  sugar  (92  per  cent  glucose,  dry  basis). . .  . 

0.68 

1.06 

No.  70  sugar  (86.  5  per  cent  glucose,  dry  basis).. 

0.72 

1.15 

Ver  Hulst,  Peterson,  and  Fred,^  in  studies  of  pentosans  and  pentoses 
in  the  maize  plant  during  different  stages  of  development,  found  7.4 
per  cent  of  pentosans  in  the  kernel  and  31.8  per  cent  in  the  cob.  When 
the  kernel  was  in  the  milk  the  cob  contained  0.25  per  cent  of  free  pen¬ 
toses  and  practically  the  same  when  in  dent.  The  kernels  when  in  dent 
contained  0.18  per  cent  of  free  pentoses. 

Porphyratin. — Fischer  and  Schwerdtel  ^  obtained  porphyrin  from 
maize  as  well  as  other  cereals.  This  may  exist  in  the  grain  in  the  form 
of  porphyratin  as  claimed  by  Schumm  and  IMertens.  See  Oats. 

1  Eighth  Int.  Cong.  Appl.  Chem.  19)2,  13,  205 

2 .1.  Agr.  Res.  1923,  23,  655. 

3Z.  physiol.  Chem.  1926,  169,  120. 
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Phosphorus-Organic  Compounds.  Lecithin, — Schulze^  found  only 
0.25  per  cent  of  lecithin  in  maize  kernel,  which  is  only  half  that  of  wheat. 
This  seems  remarkable  in  view  of  the  higher  oil  content.  Judging  from 
Hopkins’  analysis  ^  of  maize  oil,  over  half  of  the  lecithin  is  expressed 
with  the  fatty  oil. 

Phytin. — According  to  Anderson,^  the  phytin  corresponds  in  com¬ 
position  with  inosite  hexaphosphoric  acid,  C6H18O24P6,  rather  than  with 
phytic  acid,  C6H24O27P6. 

Koehler  finds  that  86  to  90  per  cent  of  the  total  phosphorus  is  in  the 
embryo,  and  he  gives  the  amounts  of  phytin  phosphorus  in  the  different 
parts. 


Rather  ^  found  that  the  principal  inosite  phosphoric  acid  of  maize 
corresponds  neither  to  the  hexaphosphoric  acid  nor  to  phytic  acid  but 
to  inosite  pentaphosphoric  acid,  C,iH6(0H)(H2P04)5.  He  states 
that  75  per  cent  of  the  phosphorus  of  the  kernel  is  in  this  form,  18  per  cent 
in  inorganic  combination,  and  7  per  cent  in  other  combination. 

Nucleic  Acid  (A^wc/em).— Doubtless  present.  See  Wheat. 
Color.—Studies  by  Remy  e  indicate  that  the  substances  imparting 
the  color  to  red  and  violet  kernels  belong  to  the  anthocyanin  group 
whereas  the  color  of  yellow  kernels  is  a  flavone  derivative.  He  also 

lound  that  the  general  composition  of  the  kernel  was  not  materially 
influenced  by  the  color. 

Enzymes.— is  present  in  large  amount  according  to  Wierz- 

^  distinguishes  maltases  with  optimum  activity  at 

relatively  high  and  low  temperatures. 

Profease.-Giesenf  reports  0.28  per  cent,  calculated  as  trypsin  the 
optimum  temperature  being  30  to  40°  C.  P  j 

''y  benzidine  test. 

OgstonH  in  England  and  by 

accurate  and  concordant,  particularly  as  regar^hT  crterofsl^ 


1  Landw.  Vers.-Stat.  1897,  49,  203. 

^  Loc.  cit. 

®  J.  Biol.  Chem.  1914,  17,  14i. 

^  Bui.  intern,  acad.  Polanaise,  1926,  B,  707 
J.  Am.  Chem.  Soc.  1918,  40,  523. 

®Z.  Enters.  Nahr.-Genussrn.  1922,  44,  209 
Biochem.  Z.  1913,  57,  125. 

*  Compt.  rend.  1909,  148,  505. 

Inaug.  Dis.  Bern,  1909. 

I"  Compt.  rend.  1925,  180,  685. 

1865,  1.  384. 
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Their  results,  in  the  latter  case  the  average  of  15  analyses,  are  as 
follows : 


Composition  of  Dent  Maize  Ash 


W. and  O 
Wolff .  .  .  . 


KoO 

Na20 

C.'iO 

MgO 

FegOa 

P2O5 

SO3 

Si02 

Cl 

% 

% 

% 

% 

% 

r/ 

/o 

% 

% 

% 

28.4 

1.7 

0.0 

13.6 

0.5 

53.7 

trace 

1.0 

29.8 

1.1 

2.2 

15.5 

0.8 

45.6 

0.8 

2.1 

0.9 

Results  published  by  Latshaw  and  Miller^  in  terms  of  percentages 
of  the  elements  in  the  water-free  kernels  and  cob,  harvested  when  in  the 
dough,  follow : 


K 

Ca 

Mg 

Fe 

A1 

Mn 

P 

S 

Si 

Cl 

Kernels .... 
Cob . 

% 

0.42 

0.46 

% 

0.025 

0.022 

% 

0.20 

0.11 

% 

0.043 

0.025 

% 

0.023 

0.052 

% 

0.037 

0.031 

% 

0.34 

0.94 

% 

0. 140 

0.021 

% 

0.016 

1.330 

% 

0. 120 
0.033 

Minor  Mineral  Constituents.  Iron. — Yellow  corn  meal  11.5,  whole  sweet  corn 
‘29  mg.  per  kilo  (Sherman).*  Maize,  white  17,  yellow  26  mg.  per  kilo  (McHurgue).* 
Maize,  white,  endosperm  and  seed  coats  32.5,  germ  224;  yellow,  endosperm  and 
seed  coats  28,  germ  146  mg.  per  kilo,  dry  basis  (McHargue).* 

AZummum.— Maize  0.5  mg.  per  kilo,  dry  basis  (Bertrand  and  L6vy).® 

Manganese. — Maize,  white  7,  yellow  4  mg.  per  kilo  (McHargue).®  Maize,  white, 
endosperm  and  seed  coats  2,  germ  27.5;  yellow,  endosperm  and  seed  coats  2.5,  germ 
30  mg.  per  kilo,  dry  basis  (McHargue).*  Maize,  5.88  mg.  per  kilo,  air  dry  basis 
(Quartaroli).®  Maize,  5  varieties,  9  to  18  mg.  per  kilo,  dry  basis  (Davidson).^ 

Copper.— Maize  6.8  mg.  per  kilo  air  dry  basis  (Guerithault).«  Maize,  white, 
endosperm  and  seed  coats  trace,  germ  3.5;  yellow,  endosperm  and  seed  coats  0.5, 
germ  15  mg.  per  kilo,  dry  basis  (McHargue).'*  Maize  2.21  mg.  per  kilo,  air  dry 

basis  (Quartaroli).® 

Zinc. — Maize,  white,  endosperm  and  seed  coats  41.6,  germ  22.4;  yellow,  endo¬ 
sperm  and  seed  coats  64,  germ  272  mg.  per  kilo,  dry  basis  (McHargue).*  Maize, 

^  J.  Agr.  Res.  1924,  27,  845. 

2  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 

3  J.  Agr.  Res.  1923,  23,  395. 

*  J.  Am.  Soc.  Agron.  1925,  17,  368. 

®  Compt.  rend.  1931,  192,  525. 

®  Ann.  chim.  appl.  1928,  18,  47. 

^  Cereal  Chem.  1929,  6,  128. 

8  Compt.  rend.  1920,  171,  196. 
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whole  25.2,  degerminated  4  mg.  per  kilo,  air  dry  basis  (Birckner).i  Maize  whole  seed 
20.4  mg.  per  kilo,  dry  basis  (Bertrand  and  Benzon).^ 

.drsemc.— Maize  kernel  0.3  mg.  per  kilo  (Jadin  and  Astruc).® 

FLINT  MAIZE 

Zea  Mays  var.  prxcox  L.  =  Z.  indurata  Sturt. 

Fr.  Mai's.  Sp.  Maiz.  It.  Maiz.  Ger.  Gemeiner  Mais. 

The  type  of  maize  known  in  America  as  flint  corn  and  in  central 
European  countries  as  common  maize  is  distinguished  from  dent  maize 
by  its  rounded  form  and  the  absence  of  an  indentation  at  the  top. 
White,  yellow,  and  red  varieties  are  cultivated  in  certain  sections  of  the 
United  States,  particularly  in  the  eastern  section.  As  in  the  case  of 

the  dents,  flint  varieties  differ  as  to  the  proportion  of  horny  to  floury 
endosperm. 

MICROSCOPIC  STRUCTURE. — Practically  the  same  as  of  dent 
maize. 

CHEMICAL  COMPOSITION. — See  Dent  Maize  for  summary  of 
proximate  analyses  and  Sweet  Corn  for  comparison  of  sugar,  gum,  and 
starch  in  dent,  flint,  and  sweet  varieties. 


POP  CORN 


Zea  everta  Sturt. 

Sp.  Palomitas  de  maiz. 

The  name  “  pop  ”  is  indicative  more  of  suitability  for  preparing  the 

‘rrr  “  ■»» a- 

toSr  “1“  popping  ore  gronped 

m  earned  out  in  factories,  by  street  venders  and  in 

he  household  consists  of  heating  the  corn  in  a  covered  wirT  cUh  or 

heLt  ITtl''  h  r'"’’  constant  agitation  If  the 

snow-white  mass  the  whole  'h  inside  out  into  an  irregular 

kernel.  To  secure  the  proper^result  original 

too  dry,  since  a  certain  *  f  ®tired  but  not 

of  the  starch.  "  moisture  is  essential  for  the  swelling 


M.  Biol.  Chem.  1919,  38,  191. 

^  Bui.  soc.  hyg.  aliment.  1928  16  457 
^Compt.rend.  1914,  169.  268 
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MACROSCOPIC  STRUCTURE.— The  kernels  are  small  with  a 
minimum  of  floury  endosperm.  In  some  varieties  the  kernels  are 
rounded  at  the  top  as  in  the  flints;  in  others,  distinctly  beaked.  The 
so-called  “  rice  ”  variety  has  exceedingly  slender  kernels. 

MICROSCOPIC  STRUCTURE.— The  only  marked  histological 
difference  from  flint  corn  is  that  the  hypoderm  is  not  quite  so  strongly 
developed.  Usually  the  layer  is  7  to  10  cells  thick  and  measures  80  to 

120  p. 

As  a  result  of  popping,  the  starch  gi'ains  become  swollen  to  two  or 
three  times  their  normal  diameter  and  the  hilum  becomes  indistinct, 
but  most  of  the  grains  in  the  horny  endosperm  preserve  their  polygonal 
form. 

Chief  Structural  Characters. — Kernel  like  that  of  flint  maize 
but  smaller  and  with  more  horny  endosperm.  Microscopic  structure 
nearly  the  same  as  of  dent  and  flint  maize. 

CHEMICAL  COMPOSITION. — See  Dent  Maize  for  summary  of 
proximate  analyses. 

Little  has  been  done  on  the  physics  and  chemistry  of  popping.  It  is 
well  known  that  it  is  due  to  the  sudden  expansion  of  water  in  the  cells. 

Wilbert  '  found  that  if  the  moisture  is  insufficient  as  in  old  corn  the 
corn  does  not  pop  properly  but  at  best  only  splits  open.  Quick  heating 
is  essential.  By  slow  heating  the  kernel  may  be  dried  up  and  parched 
without  popping.  It  is  tlie  cells  in  the  denser  part  of  the  kernel,  not  the 
basal  cells,  that  explode. 

According  to  Carr  and  Ripley,  ^  popping  causes  an  increase  in  ether 
extract,  soluble  starch,  dextrin,  and  (slightly)  fiber,  but  a  decrease  in 
total  starch. 


SOFT  MAIZE 

Zea  amylacea  Sturt. 

■  The  entire  absence  of  horny  endosperm  characterizes  this  group. 
Cuzco,  the  best-known  variety,  has  kernels  reaching  or  exceeding  2.5  cm. 
long  and  1.8  cm.  wide.  It  is  grown  to  some  extent  in  the  warmer  regions 

of  the  United  States. 

MICROSCOPIC  STRUCTURE.— Although  the  kernels  are  excep¬ 
tionally  large,  the  pericarp  is  less  strongly  developed  than  in  dent  and 
flint  varieties,  seldom  exceeding  100  y  in  thickness.  The  hypoderm  is 
6  to  8  cells  thick,  most  of  the  cells  being  compressed.  Cross  cells  and 
tube  cells  are  not  strongly  developed. 

1  Am.  J.  Pharm.  1903,  76,  77. 

2  Indiana  Acad.  Sci.  Proc.  1920,  p.  261, 
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The  outstanding  characteristic  is  the  starch  of  the  floury  endosperm 
with  rounded  grains  up  to  32  or  even  larger  and  the  absence  of  polygonal 
grains.  The  hilum  of  itself  is  not  conspicuous,  but  its  central  location 
is  often  well  marked  by  radiating  fissures. 

MICROSCOPY  OF  SOFT  MAIZE  PRODUCTS.  Corn  Meal  made 
from  soft  varieties  differs  from  ordinary  corn  meal  in  that  the  large  starch 
grains  are  throughout  rounded  or  spherical,  although,  if  by  crossing  or 
selection  a  horny  endosperm  is  present  in  the  kernel,  the  corn  meal  will 
contain  a  corresponding  amount  of  polygonal  grains. 

Corn  Starch. — Soft  corn  would  appear  to  be  well  suited  for  starch 
manufacture  although  it  is  not  so  used  on  a  commercial  scale.  Such  a 
product,  because  of  the  nearly  spherical  grains  and  the  practical  absence 
of  polygonal  grains,  would  indeed  be  unique  among  commercial  starches. 

Chief  Structural  Characters. — Kernel  large,  floury.  Pericarp 
less  strongly  developed  than  in  dents  and  flints.  Starch  grains  rounded, 
not  polygonal. 


SWEET  CORN 


Zea  Mays  L.  var.  saccharata  Sturt. 
Fr.  Mais  sucr6.  Ger.  Zuckermais. 


When  gathered  “  in  the  milk,”  sugar  or  sweet  corn  is  distinctly 
a  vegetable  and  is  described  in  the  section  on  Vegetables.  The  whole 
plant  is  grown  to  some  extent  as  a  green  fodder  and  for  silage.  Occa¬ 
sionally,  the  mature  shelled  kernel  is  used  for  feeding,  but  it  is  best 
known  as  the  seed  for  planting  and  its  structure  is  of  interest  chiefly 
to  seed  experts.  Because  of  certain  physical,  chemical,  and  structural 

differences  from  common  field  maize  the  mature  kernel  is  given  a  place 
in  this  chapter. 


CROSCOPIC  STRUCTURE.— The  different  varieties  differ 
greatly  m  the  form,  size,  and  color  of  the  kernel  and  the  ratio  of  kernel 
to  cob,  but  all  have  the  distinguishing  characteristic  of  a  much  shrunken 
and  deeply  wrinkled  kernel  and  a  peculiar  brittle,  glassy  condition  of  all 
or  nearly  all  the  starchy  endosperm.  To  the  eye,  the  brittle  endosperm 
embles  m  appearance  the  horny  endosperm  in  other  varieties  but  it 
differs  not  only  in  physical  characters  but  also  in  chemical  composition 
soluble  carbohydrates  displacing  starch  to  a  large  extent 

p  ^  common  varieties,  such  as  Golden  Bantam  Earlv  Dawn 

ounded  at  the  tip,  whereas  m  others,  notably  Evergreen  and  especially 
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Country  Gentleman,  the  kernel  is  slender,  often  several  times  as  long  as 
broad.  The  common  color  is  white,  but  Golden  Bantam  is  yellow. 
Black  Mexican  is  blue,  and  other  varieties  range  from  pink  to  red.  The 
location  of  the  color  is  the  same  as  in  dent  and  flint  maize. 

MICROSCOPIC  STRUCTURE. — Hanausek  ^  made  an  exhaustive 
study  of  the  structure  and  development  of  sweet  corn,  particularly  with 
reference  to  the  starch  and  soluble  carbohydrate.  Our  own  studies  of 
nine  of  the  best-known  American  varieties,  including  those  named  above, 
corroborate  his  statements  as  to  the  form  of  the  starch  grains  and  the 
reaction  with  iodine  of  the  carbohydrate  soluble  in  water. 

Pericarp. — The  distinction  from  dent  and  flint  maize  lies  in  the 
smaller  number  of  rows  of  well-developed  hypodcrm  cells  seen  in  cross 
section  and  the  consequent  thinner  pericarp.  Instead  of  eight  to  twelve 
rows  of  hypoderm  cells  with  distinct  lumen  and  a  pericarp  thickness  of 
150  to  175  /X  found  in  dent  and  flint  varieties,  only  two  to  four  cells  and  a 
thickness  of  less  than  100  n  are  the  common  rule  for  sweet  corn. 

Spermoderm  and  Perisperm. — As  in  dent  and  flint  maize. 

Endosperm. — The  cells  of  the  aleurone  layer  generally  show  in  cross 
sections  radial  elongation.  This  distinction  from  dent  and  flint  varieties 
is  usually  well  marked  although  not  in  all  parts  of  the  kernel.  Cross 
sections  of  Black  Mexican  sweet  corn  furnish  a  beautiful  demonstration 
of  blue  coloring  matter  in  the  aleurone  cells,  the  color  with  sodium  hydrox¬ 
ide  changing  first  to  green  and  then  being  discharged,  whereas  with  acid 
chloral  hydrate  solution  it  becomes  a  beautiful  red. 

Chief  interest  centers  in  the  starch  cells.  These  show  characteristics 
markedly  distinct  from  those  of  all  smooth  varieties  of  maize.  The 
peripheral  layer  contains  minute  starch  grains  of  rounded  form  inter¬ 
mixed  further  inward  with  what  appear  at  first  glance  to  be  round  or 
oval  grains  of  about  the  size  of  the  individual  grains  in  dent  and  flint 
varieties.  These  on  careful  examination  are  seen  to  be  for  the  most 
part  not  individual  grains  but  aggregates  of  the  rice  type.  Further 
inward,  particularly  on  the  opposite  side  from  the  embryo,  the  com¬ 
ponent  grains,  as  well  as  the  aggregates,  differ  greatly  in  size  and  assume 
a  variety  of  curious  forms.  In  addition  to  ovals  there  are  rod-shaped 
aggregates  of  three  or  more  members,  the  end  grains  being  truncated 
and  the  center  grains  quadrilateral,  often  with  spool-like  constrictions. 
Bell-shaped  individuals  occur  in  branching  aggregates.  ,If  floury  endo¬ 
sperm  is  present,  which  is  exceptional  and  then  in  small  amount,  round 

grains  of  the  usual  maize  type  may  be  present. 

Throughout  the  inner  portion  of  the  parenchyma,  often  beginning 
with  the  cells  next  to  the  outermost,  starch  grains  are  present  in  small 
1  Archiv.  Chem.  Mikros.  1911,  4,  213;  1914,  Heft  2. 
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numbers  or  are  entirely  absent,  and  their  place  is  taken  by  a  soluble 
carbohydrate,  staining  coffee-brown  with  iodine  in  potassium  iodide  and 
because  of  its  intensity  obscuring  the  other  tissues.  When  the  colored 
solution  is  removed  with  water,  such  starch  grains  as  are  present  show 
their  blue  color  while  a  protein  deposit  clings  to  the  walls  and  often 
forms  a  fine,  more  or  less  granular,  network  throughout  the  cell.  The 
cell  walls  are  wavy  as  seen  on  the  cut  surface  and  striated  as  seen  in 
surface  view,  both  appearances  being  due  to  the  shrinking  of  the  tissues 
on  drying.  The  color  with  iodine  solution  indicates  that  the  soluble 
carbohydrate  is  a  dextrin  or  mixture  containing  one  or  more  dextiins. 

Concerning  the  formation  of  the  starch  and  its  degeneration,  Han- 
ausek  states  that  a  portion  of  the  protoplasm  becomes  differentiated  into 
a  thick  body  with  rows  of  granules  (yellow  with  iodine),  together 
with  what  appear  to  be  drops,  along  the  periphery.  Within  these  gran¬ 
ules  large  coherent  masses  are  formed  in  which  starch  grains  develop. 
Usually  a  single  large  grain  or  a  group  of  these  and  a  group  of  small 
grains  occur  side  by  side,  but  he  was  unable  to  determine  whether  the 
two  groups  unite  or  remain  separate.  Finally,  some  of  the  starch  grains 
go  into  solution  and  the  remaining  grains  move  to  the  cell  walls  while 
the  residual  matter  forms  the  meshes  of  the  network  mentioned  above. 
He  thus  demonstrated  that  the  soluble  carbohydrate  resulted  from  the 
solution  of  the  starch  grains,  doubtless  through  the  agency  of  an  enzvme, 
and  is  not  to  be  confused  with  the  soluble  carbohydrate  from  which  the 
starch  grains  crystallized. 

Chief  Structural  Characters.  Kernel  shrunken  j  endosperm 
horny.  Hypoderm  of  fewer  cell  layers  than  in  dent  and  flints.  Aleurone 
cells  radially  elongated;  starch  cells  containing  large  and  small  starch 
aggregates  and  soluble  carbohydrate  staining  coffee-color  with  iodine 

CHEMICAL  COMPOSITION.-See  Dent  Maize  for  summary'  of 
proximate  analyses,  and  Sweet  Corn  (under  Vegetables,  Volume  II) 
for  changes  during  development. 


Carbohydrates.  Sugar,  Gum,  and  Starch.—Soon  after  the  first 
Mperiment  station  was  established  in  the  United  States,  Kedzie '  and 
Collier  published  analyses  covering  not  only  the  si.x  proximate  constit- 
uents  ordinarily  determined,  but  also  sugar,  gum,  and  starch,  as  well  as 

‘®"u  “'“ble  (zein)  and  insoluble  proteins. 

With  due  allowance  for  methods  of  analysis  and  terminology,  their  figures 

mLtraVweS'dt'’  ^  given  below. 

Illustrate  well  the  difference  in  composition  of  common  (dent  and  flint) 

maize  and  sweet  corn  and  supplement  the  interesting  microscopic  char- 

'  Michigan  Bd.  Agr.  Rep.  1878  and  1879. 
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acteristics  first  noted  by  T.  F.  Hanausok  as  given  herewith  under  the 
head  of  Microscopic  Structure. 


Carbohydrates  of  Sweet  Corn 


Samples 

Sugar 

Gum 

Starch 

Dent: 

% 

% 

% 

% 

Kedzie . 

8 

3.59-2.31 

2.75-1.95 

5.38-  2.18 
2.80-  1.73 

62.94-58.05 

70.81-64.07 

Collier . 

3 

Flint: 

Ketlzie . 

4 

3.78-2.40 

2.87-1.47 

6.16-  1.21 
3.18-  1.37 

63.50-57.47 

69.65-62.26 

Collier . 

17 

Sweet : 

Collier . 

7 

6.77-4.80 

22.65-14.50 

46.08-39.46 

CHINESE  WAXY  MAIZE 

In  -this  variety  the  kernel  is  small,  flattened  or  angular,  without 
dent  or  wrinkles,  ana  of  a  waxy  appearance.  The  endosperm  is  of 
peculiar  texture  and  contains,  as  noted  by  Weatherwax,^  grains  of  a 
carbohydrate  giving  a  red-brown  or  purple  color  with  iodine.  In  other 
histological  characters  the  kernel  is  practically  the  same  as  dent  maize. 
The  sample  examined  was  furnished  by  Mr.  J.  H.  Kempton,  of  the  Bureau 
of  Plant  Industry. 

CHEMICAL  COMPOSITION.  Fat. — In  studying  the  fat  metabol¬ 
ism  of  non-waxy  and  waxy  varieties  of  maize,  Abegg  ^  obtained  the  fol¬ 
lowing  average  results: 


• 

Whole  kernel 

Endosperm 

Embryo 

% 

% 

% 

Fat: 

• 

Non-waxy . 

6.50 

1.05 

34.0 

Waxy . 

7.30 

1.50 

34.3 

Acid  number: 

Non-waxy . 

13.0 

45.6 

4.2 

Waxy . 

34.0 

82.0 

4.1 

In  the  above  and  other  series  of  experiments  the  following  average 
values  of  the  endosperm  fat  were  found:  saponification  number,  non- 

J  Genetics,  1922,  7,  568, 

2J.  Agr.  Res.  1929,  38,  183. 
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waxy  177,  waxy  200,’  acid  number,  non-waxy  60,  waxy  100  j  ester  value 
(saponification  number  less  acid  number),  non-waxy  111,  waxy  100. 

Carbohydrates. — According  to  Brink, ^  waxy  and  non-waxy  maize 
contain  equal  proportions  of  a-  and  ^-amylase.  Malt  amylase  hydro¬ 
lyzes  the  starch  of  waxy  maize  more  slowly  than  non-waxy,  and  the  inter¬ 
mediate  products  have  a  lower  rotatory  power.  Purified  starch  from 
non-waxy  maize  contains  twelve  times  as  much  organic  phosphorus  as 
that  from  waxy  maize. 

Lampe  and  Meyers  ^  state  that  the  liquid  portion  of  the  carbohydrate 
globules  precedes  the  appearance  of  the  grains  and  is  always  in  excess. 
No  reversal  of  the  process  was  noted. 

The  fact  that  the  endosperm  of  waxy  maize  is  rich  in  eryfhrodextrin 
is  regarded  by  Weatherwax^  as  of  importance  in  genetic  analysis. 


POD  MAIZE 

Zea  Mays  L.  var.  tunicata  St.  Hil.  =  Z.  tunicata  Sturt. 

Fr.  Mais  tunique.  Ger.  Spelzenmais. 

Studies  of  pod  or  husk  maize  are  of  value  chiefly  because  they  throw 
light  on  the  origin  of  ordinary  maize  and  the  relationship  with  allied 
species.  The  sample  examined  was  kindly  furnished  by  Mr.  J.  H.  Kemp- 
ton,  of  the  Bureau  of  Plant  Industry. 

MACROSCOPIC  STRUCTURE. — The  appearance  of  the  ear  of 
maize  is  lost  owing  to  the  loose  arrangement  in  a  short  spike  and  the 
husk-like  development  of  the  empty  glumes  as  well  as  of  the  flowering 
glume  and  palet  of  the  sterile  flower.  Because  of  the  chaffy  envelopes 
the  spikelet  reaches  3  to  4  cm.  in  length.  The  flowering  glume  and  palet 
of  the  fertile  flower  are  thin  and  membranous  as  in  common  maize 

The  kernel  itself  is  well  rounded  but  not  unlike  certain  flint  varieties  in 
form  and  structure. 

MICROSCOPIC  STRUCTURE.-Empty  GIumes.-The  mder  epi- 
derm  on  the  thick  portion  of  the  glumes,  though  the  same  in  general 
structure  as  in  dent  maize,  shows  better  the  true  significance  of  the  non- 
eaded  cells.  These  latter  when  occurring  singly  are  hair  scars  (round 
cells);  when  in  pairs,  one  is  a  hair  scar,  the  other  the  accompanying  cell 
w  ich  may  or  may  not  have  the  characteristic  crescent  form  so  common 
n  the  floral  envelopes  of  the  cereals  and  other  grasses.  In  some  parts 
the  hairs  are  still  attached.  These  are  both  unicellular  with  thick  Llls 

‘  Biochem.  J.  1928,  22,  1349. 

2  Science  1925,  61,  290. 

®  Loc.  cit. 
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or  jointed  with  thin  walls,  in  both  cases  with  lumen  broader  than  the 
walls. 

The  thin  edges  have  the  same  structure  as  in  dent  maize. 

Flowering  Glumes  and  Palets. — As  in  dent  maize. 

Pericarp,  Spermoderm,  Perisperm,  and  Endosperm. — These  are  as 
in  dent  maize,  but  the  hypodenn  in  specimens  examined  is  not  so  strongly- 
developed  and  the  starch  grains  seldom  exceed  20  )u.  The  aleurone  cells 
are  often  radially  elongated. 

Chief  Structural  Characters. — Kernel  enveloped  by  enlarged 
chaffy  envelopes. 

Hypodenn  thinner  and  starch  grains  smaller  than  in  dents  and  flints. 
Aleurone  cells  often  radially  elongated. 

TEOSINTE 

Euchlsena  mexicana  Schrad. 

Fr.  Teosint6.  Ger.  Teosinte. 

This  cereal,  a  native  of  Mexico,  is  the  nearest  known  relative  of 
maize;  in  fact,  some  authorities  regard  maize  as  a  derivative  of  teosinte 
or  a  hybrid  of  teosinte  with  an  unknown  species.  Weatherwax  ^  has 
discredited  this  theory.  Like  maize,  only  one  species  of  the  genus  is 
generally  recognized,  although  there  are  marked  varieties.  The  plant 
is  used  as  green  forage  in  subtropical  America.  In  northern  regions  it 
does  not  ripen  the  seed  but  is  grown  as  an  ornamental.  It  is  treated  here 
chiefly  because  of  its  relationship  to  maize. 

MACROSCOPIC  STRUCTURE.— The  plant  resembles  maize  in 
general  appearance  and  the  nature  of  the  staininate  inflorescence,  but  the 
pistillate  inflorescence  is  strikingly  different,  the  thick  woody  cob  being 
replaced  by  a  jointed  rachis  clasping  alternately  single  spikelets,  forming 
a  dense  two-rowed  spike  enclosed  in  a  leafy  sheath.  The  joints  of  the 
rachis  are  described  by  Scribner  and  others  as  empty  glumes,  which  they 
'  indeed  resemble,  but  their  true  nature  has  been  demonstrated  by 
Weatherwax  ^  who  has  also  noted  the  presence  of  a  rudimentary  spikelet 
alongside  of  each  perfect  one,  thus  making  the  spike  really  four-rowed. 
At  maturity  each  joint  with  its  spikelet  separates  as  a  seed-like  body,  the 
convex  surface  of  the  rachis  and  the  exposed  dorsal  side  of  the  louer  empty 
glume  being  white,  brown,  or  spotted,  hard,  and  lustrous.  An  oblique 
tmncation  with  a  dull  scar  in  the  center  at  each  end  of  the  rachis  joint, 
the  two  being  nearly  at  right  angles  to  each  other,  gives  the  whole  a  tnan- 

gular  or  trapezoidal  form. 

*  Bui.  Torrey  Bot.  Club,  1918,  46,  309. 
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The  rachis  in  the  center  clasps  over  the  edges  of  the  somewhat 
thinner  but  hard  lower  empty  glume  and  entirely  conceals  the  much 
thinner  cartilaginous  upper  empty  glume  beneath  it.  On  the  same  side 
as  the  upper  empty  glume  (corresponding  to  the  embryo  side  of  the 
kernel)  is  the  membranous /oiymngr  glume  of  the  fruit,  and  on  the  other 
side  of  the  kernel  is  its  membranous  palet.  Between  the  lower  empty 
glume  and  the  palet  of  the  fruit  may  usually  be  found  two  membranous 
envelopes,  the  flowering  glume  and  palet  of  an  abortive  flower. 

Notwithstanding  the  difference  in  appearance,  the  same  number  of 
envelopes  and  in  the  same  position  occur  in  teosinte  as  in  maize. 

The  kernel  freed  from  the  envelopes  is  6  mm.  or  less  long,  rounded 
on  the  ventral  (embryo)  side,  nearly  straight  on  the  dorsal  side,  short 
beaked,  and  brown  in  color. 

MICROSCOPIC  STRUCTURE. — The  tissues  of  the  rachis  and  chaff 
resemble  in  structure  those  of  the  corresponding  parts  of  maize.  The 
pericarp  and  seed  seem  to  bear  closer  structural  relations  to  sorghums 
than  to  maize. 

Rachis. — There  are  two  epiderms  on  the  rachis,  one  on  the  convex, 
the  other  on  the  concave  surface,  whereas  in  maize  owing  to  the  con¬ 
solidated  nature  of  the  cob  there  is  but  one.  The  epiderm  on  the  convex 
side,  as  seen  in  surface  view,  consists  for  the  most  part  of  porous,  thick- 
walled,  sharply  polygonal  cells  with  straight  middle  lamellae,  arranged  in 
longitudinal  rows.  Most  of  these  cells  are  transversely  elongated. 

On  the  concave  side  the  porous  cells  are  less  distinct  in  form,  more 
often  longitudinally  elongated  and  alternate  with  twin  cells  or  less  often 
round  cells.  In  cross  section  the  layer  is  not  so  thick  as  the  epiderm 

on  the  convex  side.  It  is  this  epiderm  that  corresponds  to  that  on 
maize  cob. 


Beneath  the  epiderm  on  the  concave  side  is  a  woody  zone  like  that  in 
maize  cob,  but  the  isodiametric  cells  pass  into  the  epiderm  on  the  convex 
side,  whereas  in  maize  they  adjoin  the  pith. 

Empty  Glumes.  Epidermal  cells  like  those  of  the  convex  side  of  the 
rachis  occur  on  the  outer  side  of  the  empty  glumes,  but  in  parts  the  walls 
and  particularly  the  middle  lamellae  are  more  or  less  wavy  and  non- 
porous.  Thinner-walled  cells  occur  at  intervals,  usually  singly,  less 
often  m  company  with  a  crescent  cell.  The  non-porous  cells  are  hair 
scars,  and  the  hairs  or  their  bases  sometimes  persist.  At  the  edges  the 
porous  cells  are  replaced  by  longitudinally  elongated  wavy-walled 


In  internal  structure  the  empty  glume,  is  much  like  that  of  maize 

the  transition  of  .tone  cells  to  thin-walled  parenchynui  on  the  innerTde 
distinguishing  it  from  the  rachis. 
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Flowering  Glumes  and  Palets.— The  outer  epiderm  of  the  thin  envel¬ 
opes  of  both  the  fertile  and  the  sterile  flowers  consists  of  longitudinally 
elongated  cells  with  thin  wavy  walls,  alternating  with  hair  scars  or  hairs 
both  unicellular  and  jointed,  sometimes  with  a  crescent  cell  adjoining. 
An  inner  epiderm  of  straight-walled  cells  may  or  may  not  be  evident. 

Pericarp.  1  he  tissues  are  thin  and  show  little  detail  in  cross  section. 
The  outer  epiderm  is  more  like  that  of  the  sorghums  than  of  maize,  the 
elongated  cells  having  thin  wavy  walls.  Ilypoderm  cells  are  not  well 
developed  or  absent.  The  numerous  cross  cells,  as  in  sorghums,  are 
mostly  vermiform,  transversely  arranged  and  in  loo.se  contact,  and  do 
not  as  in  maize  form  an  irregular  spongy  parenchyma.  Tube  cells  occur  in 
considerable  numbers. 

Spermoderm  and  Perisperm. — Inconspicuous  or  absent. 

Endosperm. — The  aleurone  cells  range  up  to  GO/j.  in  diameter  as  seen  in 
surface  \’iew.  Most  of  the  starch  grains  are  polygonal,  up  to  20  fi  or  more 
in  diameter,  closely  packed  in  the  horny  tissue.  Rounded  grains  occur 
sparingly.  Particularly  noteworthy  are  the  minute  aleurone  grains  in 
the  protein  network  about  the  starch  grains.  These  are  commonly 
evident  without  treatment  with  reagents. 

Chief  Structural  Characters. — Rachis,  enveloping  chaff  and 
kernel,  breaking  into  triangular  or  trapezoidal  pieces,  unlike  corn  cob, 
with  two  epiderms  and  no  pith. 

In  microscopic  structure,  chaff  similar  to  that  of  maize,  kernel  to 
that  of  sorghum.  Aleurone  grains  in  network  about  starch  grains. 

CHEMICAL  COMPOSITION.— Jones,  Gersdorff,  and  Moeller  ^ 
found  in  teosinte  protein  1.02  per  cent  of  cystine  but  no  tryptophane. 


COIX  (JOB’S  TEARS) 

Coix  Lacryma-J obi  L.  =  C.  arundinacea  Lamk.  =  Lithagrostis  Lacryma- 

Jobi  Goertn. 

Fr.  Larme  de  Job.  Sp.  Lagrirnas  de  Job.  It.  Coire.  Ger.  Thriinengras. 

This  species,  one  of  a  small  genus  indigenous  to  the  East  Indies, 
yields  a  remarkable  fruit  which,  like  jequirity  seeds,  is  best  known  as  a 
substitute  for  beads  in  necklaces.  Aside  from  any  superstition  as  to 
the  efficacy  of  such  necklaces  in  warding  off  disease,  the  fruit  is  used  in 
the  Orient  as  an  internal  drug  and  also  in  various  regions  as  a  food. 

MACROSCOPIC  STRUCTURE.— Although  the  plant  itself  and  the 
staminate  spikelets  suggest  the  close  relationship  to  maize,  the  kernel 

1  J.  Ihol.  Chem.  1924,  62,  183. 
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and  chaff  completely  enclosed  in  a  hard  shell  are  quite  unlike  the  kernel 
of  maize  or  any  other  cereal  or  common  grass.  The  curious  round  or 
ovate  shell  is  believed  to  be  developed  from  the  leaf  sheath.  It  is  silici- 
fied,  and  although  only  1  to  3  mm.  thick,  defies  cutting  with  a  knife. 
In  color  it  is  light  blue-gray  with  a  porcelain-like  luster.  On  cracking, 
the  inner  surface  is  seen  to  be  lustrous  but  of  a  brown  color.  The 
peduncle  of  the  staminate  inflorescence  arises  from  the  tip  of  the 
shell. 

Enclosed  in  the  shell  are  the  chaff  and  the  kernel.  The  chaff  con¬ 
sists  of  two  thin  envelopes,  one,  the  thicker  and  broader  of  the  two,  being 
several-nerved,  completely  surrounding  the  kernel.  This  may  be  the 
flowering  glume,  although  the  presence  of  two  keels  and  two  narrow 
wings  suggests  a  palet.  In  addition  there  are  two  narrow  more  or  less 
involute  scales,  believed  by  Mitlacher  to  belong  to  the  sterile  flower. 
The  caryopsis  or  kernel  is  brown,  about  as  broad  as  long,  and  ends  in  a 
short  point.  On  the  ventral  side  over  the  germ  is  a  broad  groove. 

MICROSCOPIC  STRUCTURE. — Mitlacher  ^  has  made  a  careful 
study  of  the  microscopic  structure  of  shell,  chaff,  and  kernel. 

Shell. — A  fine  saw  may  be  used  to  cut  the  shell  in  half,  holding  the 
specimen  in  a  vise.  Owing  to  the  deposited  silica,  the  shell  cuts  more 
like  marble  than  like  a  vegetable  product.  Under  a  lens  the  cross  sec¬ 
tion  shows  a  thin  outer  pure  white  tissue;  beneath  this,  small  spots,  and 
further  inward  large  spots,  both  in  a  yellow  ground  tissue.  Microscopic 
examination  of  cross  and  longitudinal  sections  cut  with  a  razor  shows 
the  small  spots  to  be  fibro-vascular  bundles  and  the  large  spots  fiber 
bundles.  Both  kinds  of  bundles  are  longitudinally  arranged  and  in  a 
ground  tissue  of  stone  cells  with  yellow  walls  and  dark  contents  which, 
as  seen  in  cross  section,  are  more  or  less  elongated  and  are  arranged  in' 

curves  concentric  with  the  fiber  bundles  much  as  in  kinghead  and  in  the 
inner  layers,  transversely.  ’ 

Both  the  outer  and  inner  epiderm  are  incrusted  with  silica,  obscurine 
their  study  in  surface  view.  ^ 


Chaff.  The  thin  membranous  envelopes  are  much  like  the  thin  chaff 

0  maize.  Elongated  cells  with  thin,  deeply  wavy  walls,  interspersed  with 

twin  cells,  form  the  outer  epiderm.  Hairs,  which  are  abundant  in  maize 
are  lacking.  . 

A  hypoderm  of  thin-walled  fibers  occurs  in  the  thicker  parts. 

,  1  elongated  wavy-walled  epicarp  cells  often  contain  a 

dark  brown  substance.  In  form  they  are  like  tb  epicarrcerirthe 
sorghums.  A  hypoderm  is  lacking  or  if  present  in  nartm'^  inn 
in  comparison  with  the  dense  hypoderm  of  maize.  Cros.  ZTZ 
Z.  allg.  oesterr.  Apoth.-Ver.  1901,  813,  831,  856,  875,  899,  928. 
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dant  and  are  of  the  maize  type  with  branching  arms.  Tube  cells  are 
numerous. 

Spermoderm  and  Perisperm,  as  in  maize,  if  present,  show  no  cell 
structure  in  cross  or  surface  preparation. 

Endosperm. — The  starch  grains  are  of  the  maize  type  but  smaller. 
Mitlacher  gives  22  /x  as  the  maximum.  They  correspond  closely  with 
the  starch  of  common  and  German  millet  and  the  foxtails. 

Chief  Structural  Characters. — Chaff  and  kernel  enclosed  in 
siliceous  shell. 

Thin  chaff  with  longitudinally  elongated,  wavy-walled  cells  like  those 
of  maize  but  no  hairs.  Epicarp  with  elongated  wavy-walled  cells  and 
inconspicuous  hypoderm  suggests  sorghum;  cross  cells  branching,  of 
maize  type.  Starch  grains  as  in  maize  and  sorghum  but  smaller. 

CHEMICAL  COMPOSITION. — Analyses  of  the  shelled  grain  by 
Church  ^  and  Yoshimura  and  Sagara,^  and  of  the  meal  free  from  bran  by 
Hattori  and  Komatsu,^  follow: 


Composition  of  Decorticated  Coix 


Water 

PVotein 

Fat 

N-f.  ext. 

Fiber 

.4sh 

% 

% 

% 

% 

% 

% 

Church - ' . 

13.2 

18.7 

5.2 

59.3 

1.5 

2.1 

Yoshimura  and  Sagara. . . . 

8.49 

17.58 

7.15 

02.41 

2.04 

2.33 

Hattori  and  Komatsu. . . . 

11.92 

18.58 

3.58 

53.61 

7.59 

4.72 

Fh'oteins. — Determination  of  the  nitrogen  distribution  in  the  decor¬ 


ticated  seed  by  Yoshimura  and  Sagara  yielded: 

% 

Nitrogen  soluble  in  water .  0.404 

Nitrogen  precipitated  from  last  by  cupric  hydroxide .  0.168 

Nitrogen  insoluble  in  10  per  cent  salt  solution .  0.539 

Nitrogen  soluble  in  70  per  cent  alcohol .  1.819 

Nitrogen  soluble  in  0.2  per  cent  sodium  hydroxide .  2.155 


Nitrogen  insoluble  in  70  per  cent  alcohol,  soluble  in  0.2  per  cent 

sodium  hydroxide .  0.336 

From  the  alcohol  extract  they  prepared  a  prolamine  to  which  they 
assigned  the  name  coicin. 

*  Watt’s  Diet.  Econ.  Ih-od.  India,  Calcutta,  1889,  2,  498. 

*  J.  Tokyo  Chem.  Soc.  1919,  40,  483. 

*  J.  Biochem.  (Japan),  1922,  1,  365. 

*  Loc.  cit. 
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The  Ultimate  Composition  of  coicin,  as  determined  by  Hattori  and 
Komatsu  ^  is  as  follows : 


% 


Carbon . 

.  52. 

.63 

Hydrogen . 

.  6, 

75 

Nitrogen . 

. .  16, 

61 

Sulphur . 

.  1. 

12 

Oxygen . 

.  22. 

,89 

100. CO 


Amino  Acids  of  Coicin. — The  percentages  obtained  by  Yoshimura 
and  Sagara  ^  and  Hattori  and  Komatsu  ^  appear  in  the  following  table : 


Amino  Acids  of  Coicin 


Yoshimura 
and  Sagara 

Hattori 
and  Komatsu 

% 

% 

Alanine . 

0.50 

VaHne . 

4.30 

Leucine . 

21.10 

4.10 

Aspartic  acid . 

0.20 

Glutamic  acid . 

15.00 

20.65 

Tyrosine . 

3.30 

1.46 

Phenylalanine . 

1.20 

Pro  line . 

2.00 

Tryptophane . 

trace 

Arginine . 

.  1.70 

0.20 

Lysine . 

0  7fi 

Histidine . 

0.15 

1.88 

Ammonia . 

3.38 

52.83 

29.05 

Yoshimura  and  Sagara,  on  the  basis  of  their  leucine  and  glutamic 

acid  results,  conclude  that  coicin  is  similar  to  gliadin;  Hattori  and 

Komatsu,  however,  on  the  basis  of  their  figures,  notice  resemblance  to 
the  prolamine  of  oats. 


Ni^ogen  Distribution,  following  the  method  of  Osborne  and  Harris 
as  obtained  by  Hattori  and  Komatsu  ‘  follows:  ammonia  nitrogen 


^  J.  Biochem.  (Japan),  1,  365. 
*  Loc.  cit. 


^  Loc.  cit. 
*  Loc.  cit. 
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19.82,  huinin  nitrogen  trace,  basic  nitrogen  4.44,  non-basic  nitrogen  1.39, 
amino  nitrogen  41.54,  and  mono-amino  nitrogen  32.81  per  cent. 

Mineral  Constituents. — The  composition  of  the  ash  by  Yoshimura 
and  Sagara,^  recalculated  to  percentages  of  the  ash,  follows: 


K20 

Xa20 

CaO 

MgO 

Fe2()3 

Ih06 

SO3 

Si02 

Cl 

CO2 

% 

20.2 

O' 

/o 

2.5 

% 

5.2 

% 

21.8 

% 

3.2 

'% 

43.2 

% 

1.5 

% 

2.3 

% 

0.1 

% 

trace 

BROOM  CORN 


Andropogon  Sorghum  (L.)  Brot.  var.  technicus  Korn  =  Sorghum  vuU 

gore  Pers. 

Fr.  Houque.  Sp.  Millo  dc  escoba.  It.  Sorgo.  Ger.  Besenhirsc. , 

Under  the  term  “  Sorghums  ”  are  included  several  varieties  of  the 
genus  Andropogon  formerly  assigned  specific  names  under  the  genus 

Sorghum  Pers.,  some  yielding 
chaffy,  others  naked,  fruits. 
Although  their  origin  is  clouded 
in  obscurity,  Africa  is  probably 
g,  the  original  habitat. 

Broom  corn  is  valuable  both 
for  its  brush  and  its  grain, 
although  the  grain  is  not  fully 
ripc'  when  the  brush  is  in  its  best 
condition  for  technical  use.  Its 
culture  in  the  United  States  is 
carried  out  in  Illinois  and  ether 
states  of  the  Middle  West,  which 
are  also  noted  for  their  produc¬ 
tion  of  its  relative  maize,  and  in  California.  In  the  Old  World  it  is 
grown  in  the  Mediterranean  region  and  the  Orient. 

MACROSCOPIC  STRUCTURE.— The  inflorescence  is  in  panicles 
suggesting  the  terminal  male  panicles  of  maize.  At  each  joint  of  the 
rachis  are  borne  three  spikelets  (Fig.  50),  one  fertile  and  two  staminate 
(r),  on  hairy  stems.  The  former  is  two-Howered,  but  one  flower  is 
rudimentary  (^3).  The  hard,  stiff,  yellow  or  red-brown  empty  glumes 
f/2),  4  to  6  mm.  long,  closely  envelop  the  flowering  glume  (gf)  and 

'  ‘  1  J.  Biochem.  (.Japan),  1,  305. 


Fla.  .'‘)0. — Broom  Corn.  Kernel  with 
chair,  r  two  staminate  spikelets;  j/i  lower 
empty  Rluriie;  y2  upper  empty  ulume; 
03  Klurne  of  rudimentary  flower;  yf  flower¬ 
ing  glume  with  awn;  p  palet;  c  kernel 
(caryopsis).  X  t.  (.\.L.W.) 
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palet  (p)  of  the  fertile  flower,  the  flowering  glume  (^3)  of  the  rudimentary 
flower,  all  membranous,  and  the  fruit  (c). 

All  the  chaff  elements  are  hairy,  although  most  of  those  on  the 
outer  side  of  the  empty  glumes,  as  well  as  the  upwardly  barbed  awn 
5  to  7  mm.  long,  become  detached  in  threshing,  and  as  a  consequence 
the  chaffy  grain  is  smooth  and  lustrous.  The  grain  or  caryopsis  is 
brown,  about  5  mm.  long 
and  half  as  broad,  blunt- 
pointed  at  both  ends. 

The  embryo  extends  from 
the  base  to  about  the 
middle  of  the  side  facing 
the  flowering  glume. 

MICROSCOPIC 
STRUCTURE.  —  Harz,  1 
Hassack,  ^  Mitlacher,  ^ 
and  Winton  ^  have  stud¬ 
ied  not  only  broom  corn 
but  the  other  species  and 
varieties  of  sorghum  used 
as  food. 

Empty  Glumes  (Fig. 

51,  Sp)  Figs.  52  and 
53). — As  stated  above, 
these  at  maturity  have 
almost  invariably  lost  the 
hairs  which  clothe  the 
outer  epiderm.  These 
hairs  often  reach  1  mm. 

in  length,  are  broadest  in  the  middle,  tapering  toward  both  ends,  and 
have  a  lumen  much  broader  than  the  walls. 

Four  layers,  as  is  usual,  of  stiff  chaff  elements  are  present:  (1)  outer 
epiderm  (Figs.  51  and  52,  aep)  of  wavy-walled  long  cells  and  twin  cells 
(2)  sclerenchyma  fibers  (/),  (3)  spongy  parenchyma  (Figs.  51  and  53  p) 
with  rectangular  cells  much  as  in  barley,  and  (4)  inner  epiderm  (iep)  of 

e  ongated  straight-walled  cells  with  stomata  {sto)  and  pointed  hairs  (h) 
with  broad  lumen.  ^ 


Fig.  51. — Broom  Corn.  Empty  glume  and  kernel  in 
cross  section.  Sp  empty  glume:  aep  outer  epiderm, 
/  fiber  layer,  p  spongy  parenchyma  with  g  bundle,  iep 
inner  epiderm  with  sto  stoma.  Fs  pericarp:  ep  epicarp 
with  c  cuticle,  hy  hypoderm,  mes  starchy  mesocarp, 
q  cross  cells,  sch  tube  cells.  N  perisperm  with  s  swollen 
inner  walls.  E  endosperm:  al  aleurone  layer,  st  starch 
grains,  a  protein  network,  X  160.  (A.L.W.) 


^  Samenkunde,  p.  1249. 

*  Mitth.  Lab.  Waarenk.  Wiener  Handels- Akad.  1887  p  113 
4  7  n  1901,  813,  831,  856,  875,  899,  928. 

p.  32^'  6,  337;  Connecticut  Agr.  Exp.  Sta.  Rep.  1902, 
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Flowering  Glumes  and  Palet  (Fig.  54).— The  two  envelopes  of  the 
fertile  fruit,  as  well  as  the  one  of  the  abortive  flower,  are  thin,  mem¬ 
branous  and  of  practically  the  same  structure.  Only  two  layers  are 
present  in  most  parts:  (1)  outer  epiderm  (aep)  of  thin,  wavy-walled  long 
cells  interspersed  with  pointed  unicellular  (h)  and  blunt  jointed  (h^) 
hairs  and  round  cells  or  hair  scars,  and  (2)  an  inner  epiderm  of  straight- 
walled  long  cells  without  hairs. 


Fig.  52.  Eig.  53. 

Fig.  52. — Broom  Corn.  Outer  layers  of  empty  glume  in  surface  view,  aep  outer 
epiderm;  /  fiber.  X300.  (A.L.W.) 

Fig.  53. — Broom  Corn.  Inner  layers  of  empty  glume  in  surface  view,  iep  inner 
epiderm  with  sto  stoma  and  h  hair;  p  spongy  parenchyma.  X300.  (A.L.W  .) 


Pericarp  (Fig.  51,  Fs;  Fig.  55).— Five  layers  are  present:  (1)  epicarp 
{ep)  of  long  cells  with  thick,  pitted,  wavy  walls,  covered  by  a  cuticle 
(c),  (2)  hypoderm  (hy),  one  to  three  cells  thick  similar  to  the  epicarp  but 
with  narrower  and  thinner  walls,  (3)  true  mesocarp  {mes)  of  round  paren¬ 
chyma  cells  containing  starch  grains  up  to  about  Qp,  (4)  cross  cells  (q)  of 
irregular  tubular  form,  and  (5)  numerous  tube  cells  (sch). 

The  cuticle,  as  first  noted  by  Hassack,  is  irregular  in  thickness,  owing 

to  a  deposit  of  minute  crystals. 

Of  special  interest  is  the  occurrence  of  starch  grains  in  the  mesocarp 
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as  first  brought  out  by  Harz.  These  appear  in  the  early  stages  and 
persist  nearly  or  quite  to  maturity,  being 
accompanied  at  full  maturity  by  chlorophyl 
grains.  They  would  appear  to  be  direct  prod¬ 
ucts  of  assimilation.  Their  presence  is  not, 
however,  a  definite  varietal  peculiarity, 
although  some  varieties  may  retain  the  starch 
grains  more  •  tenaciously  than  others,  but  is 
dependent  on  ripeness  or  other  conditions. 

By  scraping  and  observation  with  the  naked 
eye  the  presence  or  absence  of  starch  may  be 
ascertained. 

Spermoderm. — No  traces  are  evident. 

Perisperm  (Figs.  51  and  55,  N).— In  strik¬ 
ing  contrast  to  all  the  common  cereals  described 
on  the  preceding  pages,  this  layer  is  the  most 
conspicuous  of  all  the  bran  elements  in  both 
cross  section  and  surface  view.  The  radial 
walls  reach  50  ju  in  height.  Both  radial  and 
outer  walls  are  thin;  the  inner  wall,  on  the 
other  hand,  is  much  swollen  and  very  con¬ 
spicuous  in  cross  section.  Their  yellow  and 
brown  color  makes  the  cells  conspicuous  in  surface  mounts. 

Endosperm  (Fig.  51,  E;  Fig.  55).-Although  in  surface  view  the 

q  sch. 


Fig.  54. — Broom  Corn.  Glume 
(Fig.  50  £73)  of  rudimentary 
flower  in  surface  view,  nep  outer 
epiderm  with  h  one-celled  hair 
and  /d  two-cellod  hair;  iep  inner 
epiderm.  X300.  (A.L.W.) 


X160.  (A.L.W.)  ’  ^  perisperm;  at  aleurone  cells. 

faTthlrtr"  """I  bring  out  the 

there  is  no  sharp  demarcation  between  aleurone  cells  (al)  and 
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starch  cells.  Although  in  most  cereals  these  two  types  of  cells  arc  well 
differentiated  both  as  to  form  and  contents,  in  broom  corn,  as  well  as 
other  sorghums,  the  outer  thin-walled  cells  often  approach  the  aleurone 
cells,  starch  being  entirely  replaced  by  contents  that  stain  yellow  with 
iodine.  In  some  of  the  cells  further  inward  the  starch  grains  are  en¬ 
meshed  in  a  protein  network  (a),  the  minute  threads  of  which  contain 
granules. 

The  polygonal  starch  grains  (st)  of  the  inner  endosperm  are  prac¬ 
tically  indistinguishable  from  those  of  maize.  Meyer  observed  that  the 
starch  grains  become  reddish  instead  of  blue  with  iodine  solution,  but 
Mitlacher  finds,  however,  that  this  distinction  applies  only  after  soaking 
the  kernels  in  water,  and  the  writers  find  it  valueless  in  diagnosis.  The 
grains  are  usually  polygonal  with  a  distinct  hilum  and  often  radiating 
fissures.  As  in  maize  starch  the  maximum  size  is  about  30  /x. 

Chief  Structural  Characters. — Grain  chaffy,  4  to  6  mm.  long, 
with  glossy  brown,  empty  glumes. 

Aleurone  cells  and  starch  grains  of  maize  type  but  in  cross  section  no 
sharp  demarcation.  Distinctions  from  maize:  (1)  outer  epiderm  of  empty* 
glumes  with  long  cells  and  small  hair  scars  (maize  short,  porous  and  non- 
porous-walled  cells),  (2)  outer  epiderm  cells  of  the  thin  chaff  longer  and 
narrower,  (3)  hypoderm  of  the  naked  kernel  not  strongly  developed, 

(4)  starch  often  present  in  mesocarp,  and  (5)  perisperm  highly  developed 
with  swollen  w'alls. 

MICROSCOPY  OF  BROOM  CORN  PRODUCTS— Being  used  only 
whole  or  simply  ground  for  poultry  or  cattle  feed  reduces  the  diagnostic 
problems  to  establishing  the  identity  of  the  whole  grains  or  of  a  ground 
material  containing  all  the  histological  elements.  The  starch  at  a 
glance  could  be  mistaken  for  only  one  cereal  outside  the  sorghum  group, 
namely,  maize.  The  distinctions  between  the  two,  based  on  tissues,  arc 
noted  above  under  Chief  Structural  Characters. 

If  the  grain  is  immature,  the  tissues  may  be  somewhat  other  than  | 
described,  some,  as  for  example  the  mesocarp,  being  even  more  charac-  j 
teristic  than  in  the  mature  grain.  | 

CHEMICAL  COMPOSITION.— See  Kaffir  Corn.  | 

i 

i 

1 

SUGAR  SORGHUM  j 

Aiidvopogon  Sorghutn  (L.)  Brot.  vjir.  Hucchoratus  Korn.  | 

i 

Fr.  Sorgho.  Sp.  Sorgo.  It.  Sorgo.  Ger.  Zuckerhirse. 

All  sorghums,  as  well  as  maize,  contain  sugar  in  the  juice  of  the  stalk, 
but  in  sugar  sorghum  this  has  been  further  increased  by  selection  not 


KAFFIR  CORN 


109 


only  in  the  Orient  and  Africa,  where  it  has  long  been  cultivated,  but  also 
in  the  United  States,  where  in  the  latter  half  of  the  nineteenth  century 
and  before  the  sugar  beet  came  into  prominence  it  gave  promise  of  being 
an  important  source  of  commercial  sugar. 

Similar  to  broom  corn,  if  cut  before  maturity,  in  this  case  for  sugar 
or  syrup  manufacture,  the  grain  is  of  inferior  value  for  feeding. 

MACROSCOPIC  STRUCTURE. — The  varieties  commonly  grown, 
including  Early  Amber  and  Early  Orange,  closely  resemble  broom  corn 
except  that  the  brush  is  not  so  well  developed  and  the  empty  glumes  are 
somewhat  broader,  of  a  black  or  dark  color,  and  do  not  so  closely  invest 
the  kernel,  although  they  usually  are  not  loose  enough  to  permit  separa¬ 
tion  to  any  great  extent  by  threshing. 

MICROSCOPIC  STRUCTURE. — No  histological  differences  from 
broom  corn  have  been  noted,  except  the  presence  of  the  dark  pigment  in 
the  outer  epiderm  of  the  empty  glumes. 

•  Chief  Structural  Characters. — Similar  to  broom  corn  but 
usually  darker. 

CHEMICAL  COMPOSITION.— See  Kaffir  Corn. 


KAFFIR  CORN 

Andropogon  Sorghum  (L.)  Brot. 

Fr.  Mil  d  Afrique.  It.  Panino.  Ger.  Kaffernhirse. 

As  the  name  indicates,  this  is  an  African  cereal.  It  is  used  in  Africa 
as  a  bread  cereal  and  a  cattle  food.  It  is  grown  to  some  extent  in  the 
United  States  and  is  especially  prized  as  a  poultry  food. 

In  habit  of  growth  it  is  distinguished  from  durrha  and  milo  maize 

by  the  erect  head,  but  like  them 'the  kernel  is  removed  from  the  chaff  bv 
threshing. 

Feterita  is  similar  to  kaffir  corn  but  earlier  and  more  drought- 
resistant.  ^ 

ih  There  are  two  common  varieties, 

the  white  and  the  red,  differing  in  the  color  of  the  naked  kernel.  The 

empty  glumes  are  somewhat  shorter  than  the  fruit  and  awns  are  absent. 
e  kernel  (caryopsis)  is  nearly  globular,  about  4  mm  long 

MICROSCOPIC  STRUCTURE.-The  distinctions  from  broom  corn 
n  sugar  sorghum  are  (1)  the  perisperm  is  not  evident  and  (2)  the 

.1.1..  or  HKl,  n.k.d, 
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Hypoderm  of  thick-walled  cells,  three  deep.  Perisperm  not  evident. 
Otherwise  similar  to  broom  corn  and  suj2;ar  sorghum. 

CHEMICAL  COMPOSITION. — For  comparison,  analyses  of  the 
different  varieties  of  sorghum  are  given  in  this  section.  Studies  of  the 
protein  and  fat  have  largely  been  confined  to  kaffir  corn,  but  the  results 
doubtless  apply  to  other  members  of  the  group.  The  chaffy  sorghums, 
broom  corn  and  sugar  sorghum,  contain  somewhat  more  fiber  than  the 
naked  varieties. 

Proximate  analyses  reported  by  Chamberlain,^  Ball  and  Rothgeb,^ 
and  Winton  ^  illustrate  the  differences  in  composition  of  the  different 
varieties. 


CoMPo.siTiox  OF  Varieties  of  Sorghum  (Chamberlain) 


• 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

%  ’ 

Edra . 

10.91 

11.44 

4.34 

80.31 

1.73 

2.18 

Gidjep-jowar . 

11.02 

10.13 

3.30 

83.36 

1.57 

1.64 

Davdi-jovvar . 

11.35 

8.87 

2.41 

85.31 

1.66 

1.75 

Natal . 

10.91 

14.50 

2.97 

78.99 

1.94 

1.60 

Djuggara . 

11.35 

13.81 

3.52 

79.96 

1.66 

2.04 

White  milo  maize . 

12.80 

11.12 

2.65 

82.44 

2.12 

1.67 

White  kaffir  corn . 

12.10 

12.94 

2.82 

79.95 

2.32 

1.97 

White  kaffir  corn . 

12.55 

11.56 

3.33 

81.68 

1.78 

1.65 

Red  kaffir  corn . 

12.31 

10.06 

3.73 

83.13 

1.56 

1.51 

Dwarf  milo  maize . 

11.84 

12.69 

3.41 

80.71 

1.65 

1.54 

Composition  of  Varieties  of  Sorghum  (Ball  and  Rotiigeb) 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Filler 

Ash 

% 

% 

c/ 

70 

% 

% 

% 

% 

Milo  maize . 

67 

9.32 

12.54 

3.15 

71.89 

1.48 

1.62 

Dwarf  milo  maize .  .  . 

55 

9.38 

12.16 

3.27 

72.09 

1.47 

1.63 

Feterita . 

8 

9.58 

14.00 

2.90 

70.32 

1.48 

1.72 

Blackhull  kaffir  corn. . 

78 

9.58 

14.10 

3.47 

69.49 

1.58 

1.78 

Dwarf  blackhull  kaffir 

corn . 

13 

9.95 

13.09 

3.25 

70.49 

1.52 

1.70 

Red  kaffir  corn . 

37 

9.56 

12.01 

3.16 

72.03 

1.51 

1.73 

Shallu . 

10 

10.38 

15.17 

3.69 

66.86 

1.92 

1.98 

»  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bui.  120. 

2  U.  S.  Dept.  Agr.,  1915,  Farm.  Bui.  686. 

3  Connecticut  Agr.  Exp.  Sta.  Rep.  1902,  p.  326. 
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Composition  of  Varieites  of  Sorghum  (Winton) 


• 

Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

o/ 

/c 

Broom  corn: 

Long  Brush  Evergreen  * . 

12:63 

10.19 

3.49 

67.90 

2.83 

2.46 

Early  Japan  * . 

12.32 

11.87 

3.52 

65.56 

3.84 

2.89 

California  Golden  * . 

12.86 

10.44 

3.74 

65.54 

3.84 

3.28 

Improved  Dwarf  * . 

12.88 

9.56 

3.20 

64.93 

6.19 

3.24 

Sugar  sorghum: 

Early  Amber  * . 

12.37 

11.12 

3.74 

67.43 

3.08 

2.26 

Early  Orange  * . 

13.00 

9.81 

3.65 

69.80 

1.99 

1.75 

White  kaffir  corn  f . 

12.66 

10.31 

3.30 

71. Cl 

1.44 

1.28 

Red  kaffir  corn  f . 

12.23 

10.62 

3.44 

71.42 

1.10 

1.19 

White  durrha  f . 

12.20 

12.62 

3.95 

67.63 

1.53 

2.07 

Brown  durrha  f . 

12.48 

12.25 

3.97 

68.45 

1.19 

1.66 

White  milo  maize  f .  '  . 

11.98 

11.19 

3.17 

70.92 

1.37 

1.37 

Yellow  milo  maize  f . 

11.18 

10.31 

2.91 

72.  C8 

1.75 

1.77 

*  With  chaff.  •(■  Without  chaff. 


The  summary  of  5  analyses  of  kaffir  corn  by  Baird  and  Francis  * 
which  follows  should  be  considered  in  connection  with  the  determina¬ 
tions  of  the  individual  carbohydrates  given  under  that  head : 


Composition  of  Kaffir  Coen  (Baird  and  Francis) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

11.26 

13.45 

12.36 

% 

11.37 

12.85 

12.11 

1 

1 

% 

3.46 

3.80 

3.63 

% 

65.33 

70.83 

68.08 

% 

1.88 

2.90 

2.39 

% 

1.20 

1.67 

1.43 

Max . 

Aver . 

alcohol  solution,  in  which  it  is  less  soluble  than  zein  it  re^HU 
on  overheating.  ^  ^  readily  coagulates 

'  J.  Tnd.  Ens.  Chem.  1910,  2,  531. 

^  J.  Biol.  Chem.  1916,  28,  59. 
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The  Ultimate  Composition  of  kafirin,  as  obtained  by  Johns  and 


Brewster,  is  as  follows : 

% 

Carbon .  55.19 

Hydrogen .  7.36 

Nitrogen .  16.44 

Sulphur .  0.60 

O.xygen .  20.41 


100.00 


Amino  Acids  of  Kafirin. — Hydrolysis  by  Jones  and  Johns  ^  yielded 
the  following:  glycocoll  none,  alanine  8.08,  valine  4.26,  leucine  15.44, 
cystine  0.84,  aspartic  acid  2.27,  glutamic  acid  21.23,  tyrosine  5.49, 
phenylalanine  2.34,  proline  7.8,  tryptophane  present,  arginine  1.59, 
lysine  0.95,  histidine  1.12,  and  ammonia  3.46  per  cent;  total  74.87  per 
cent. 

Jones,  Gersdorff,  and  Moeller  “  obtained  the  following  figures  in  two 
preparations: 


I 

11 

Cyst  ine . 

Trvptoi)hane . 

% 

0.55 

1.17 

% 

0.53 

0.73 

Nitrogen  Distribution  in  Kaffir  Protein. — Dowell  and  Menaul  ^ 
obtained  practically  all  the  protein  matter  of  the  grain  by  extracting 
with  dilute  alkali  and  precipitating  with  acetic  acid.  Determinations 
in  this  material  by  Van  Slyke’s  method  gave  the  following  results : 


Humin  N  adsorbed  by  lime . 

Hymin  N  in  amyl  alcohol  extract . 

Cystine  N . 

Arginine  N . 

Lysine  N . 

Histidine  N . 

Amino  N  of  filt  rate . 

Non-amino  N  of  filt  rate . 

Amide  N . 


% 

|4.4() 

0.96 
2.41 
1 . 05 
1.78 
74 , 95 
7 . 20 
8.46 


1  J.  Biol.  Chem.  1918,  36,  323. 

2  Ibid.  1924,  62,  183. 

3  Ibid.  1921,  46,  437. 
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Fat— Equal  quantities  of  5  lots  of  kaffir  corn  were  ground  by  Baird 
and  Francis  ^  to  a  fine  powder  and  digested  a  day  each,  at  room  tempera¬ 
ture,  with  five  successive  portions  of  gasoline.  The  filtered  liquid  was 
evaporated  and  the  residue  dried  at  100°  in  a  current  of  dry  carbon  diox¬ 
ide.  The  fat  was  semi-liquid,  greenish  yellow,  and  agreeable  to  the 

taste. 

Seven  years  later  in  the  same  laboratory  and  by  practically  the  same 
method  Francis  and  Friedemann  ^  prepared  ether  extracts  of  kaffir  corn, 
feterita,  and  milo  maize.  In  the  case  of  kaffir  corn  and  feterita  the 
extract  was  a  grease  of  the  consistency  of  vaseline;  in  the  case  of  milo 
maize  it  was  liquid  with  a  small  amount  of  solid  fats. 

Physical  and  Chemical  Values. — The  values  of  kaffir  corn  oil  in  the 
following  table  are  by  Baird  and  Francis,  excepting  those  for  refractive 
index  (temperature  not  given),  saponification  number,  and  Reichert- 
Meissl  number,  which,  together  with  all  values  of  feterita  and  milo 
maize  oils,  are  by  Francis  and  Friedemann: 


Kind  of  oil 

Sp.  gr. 
15°  C. 

Ref. 

ind. 

Melt. 

point 

Mau- 

men6 

No. 

Sapon. 

No. 

Iodine 

No. 

Reich. - 
Meisl 
No. 

Hehner 

No. 

Acetyl 

No. 

Fatty 

acids, 

titer 

Unsap. 

matter 

Kaffir . 

0.9398 

1.4669 

°  C. 
44.2 

68.1 

193.6 

109.7 

4.3 

93.2* 

42.3 

°  C. 
34.0 

% 

1.72 

Feterita.  .  . 

0.9260 

1.4651 

44.7 

.  «  .  . 

187.3 

.... 

3.0 

95.1 

26.8 

30.6 

0.84 

Milo . 

0.9275 

1.4675 

42.9 

.... 

189.5 

.... 

1.3 

91.6 

20.4 

29.7 

0.05 

*  Soluble  acids  0.66,  liquid  acids  85.98,  solid  acids  7.48,  and  free  fatty  acids  27.02  per  cent. 


In  most  respects  the  fats  of  the  three  sorghums  agree  closely  in  their 
characteristics  with  each  other.  They  have  higher  melting  points  than 
maize  oil. 

Composition.— and  Friedemann  note  that  all  three  fats  con¬ 
tain  six  fatty  acids  in  about  the  same  proportion.  The  total  volatile 
acids  ranged  from  0.59  to  0.85  per  cent  and  consisted  of  formic  and 
butyric  acids.  From  7  to  10  per  cent  was  saturated  acids,  stearic  and 
palmitic,  together  in  the  case  of  kaffir  and  milo  maize  oil  with  traces  of 
higher  acids.  Stearic  predominated  in  kaffir  and  feterita,  palmitic  in 

milo  maize  oil.  From  80  to  86  per  cent  consisted  of  the  unsaturated 
acids,  oleic  and  linolic. 

Carbohydrates.-An  instructive  series  of  determinations  by  Baird 
and  Irancis^  of  the  carbohydrates  of  kaffir  corn  is  summarized 

^  hoc.  cit. 

2  Oklahoma  Agr.  Exp.  Sta.  1917,  Bui.  117. 

^  Loc.  cit. 
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below.  A  summary  of  the  usual  proximate  analyses  is  given  on  a  preced¬ 
ing  page. 


CaKBOH\ DRATES  OP  IvAFFIR  CORN  (BaIRD  AND  FrANCIS) 


Starch 

Pentosans 

Galactans 

Glucose 

Sucrose 

N-f.  ext. 

Min . 

% 

57.12 
60.71 
68. 8G 

% 

3.79 

5.04 

4.33 

% 

0.10 

0.24 

0.16 

% 

1.34 

1.44 

1.38 

% 

0.27 

0.80 

0.63 

% 

66.16 

68.44 

67.33 

Max . 

.\verage . 

Acid. —  Hydrocyanic  acid  is  formed  in  the  sorghum  plant  during 
growth  through  the  agency  of  a  glucoside,  dhurrin} 

DowelF  found  that  sorghum  cut  after  a  drought  contained  0.0514  per 
cent  of  hydrocyanic  acid,  whereas  that  grown  under  normal  conditions 
contained  only  0.0220  per  cent. 

Enzymes. — The  amylase  of  cholam  (Sorghum  vulgare)  has  been  studied 
and  compared  with  that  of  sprouted  barley  by  Patwardhan  and  Norris  ^ 
and  by  Narayanamurti  and  Norris.*^  Cholam  amylase  is  more  active 
in  its  liquefying  power  than  barley  amylase,  but  the  reverse  is  true  of  its 
saccharifying  power,  hence  it  is  believed  that  the  enzymes  are  not  the 
same  in  the  two  grains.  Results  on  the  saccharifying  power  of  electro- 
dialyzed  and  dialyzed  extracts  indicated  that  a  partial  separation  of 
liquefying  and  saccharifying  enzymes  was  effected. 

Mineral  Constituents. — Ash  analyses  of  4  samples  of  kaffir  corn  by 
Baird  and  Francis  ^  are  summarized  as  follows : 


K2O 

Na02 

CaO 

MgO 

Fe203 

P2O5 

SO3 

Si02 

Cl 

C 

Sand 

Min . 

Max . 

Average . 

% 

24.82 

29.78 

27.17 

% 

0.94 

2.42 

1.18 

% 

1.4G 

2.15 

1.80 

% 

15.25 

18.80 

17.34 

% 

1.18 

2.08 

1.57 

% 

37.47 

40.72 

43.04 

% 

0.17 

1.22 

0.52 

% 

0.90 

4.15 

2.16 

% 

0.44 

0.58 

0.49 

% 

0. 17 
0.31 

0.25 

% 

2.88 

5.73 

4.06 

Minor  Mineral  Constituents.  Zinc. — Sorghum  (aS.  vulgare  Pers.)  13.8  mg.  j)er 
kilo,  dry  basis  (Bertrand  and  Benzon).® 

*  Bui.  Imp.  Inst.  1919,  17,  259. 

2 ,1.  Agr.  Res.  1919,  16,  175. 

®  .1.  Indian  Inst.  Sci.  1928,  All,  121. 

4  Ibid.  p.  134. 

®  Loc.  cit. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 
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WHITE  MILO  MAIZE 

Andropogon  Sorghum  (L.)  Brot.  var.? 

Ger.  Weisser  Milo-Mais. 

White  branching  sorghum,  white  African  millet,  or  white  milo  maize 
are  the  names  for  a  variety  closely  resembling  white  kaffir  corn  in  gross 
and  minute  structure.  The  head  sometimes  bends  over  like  durrha. 
MICROSCOPIC  STRUCTURE— See  Broom  Corn. 

CHEMICAL  COMPOSITION.— See  Kaffir  Corn. 


DURRHA 

Andropogon  Sorghum  (L.)  Brot.  var.  durra  (Forskal)  Hackel. 

Ger.  Durrha. 

Two  varieties  of  durrha  are  cultivated  in  the  United  States,  the  brown 
and  the  white,  the  latter  also  known  as  Jerusalem  corn. 

MACROSCOPIC  STRUCTURE. — In  habits  of  growth,  the  two  are 
the  same,  the  dense  head  bending  over  and  forming  a  goose  neck  on 
approaching  maturity.  The  obtuse,  densely  hairy  empty  glumes  in  both 
varieties  are  about  half  the  length  of  the  kernels,  which  are  usually  sep¬ 
arated  from  the  chaff  on  threshing.  The  kernels  are  the  same  except  for 
color,  being  flattened,  more  or  less  lenticular,  5  to  6  mm.  long  and  broad. 

White  durrha  differs  from  the  brown  in  one  respect:  it  is  awned. 

MICROSCOPIC  STRUCTURE. — Under  the  microscope  these  two 
varieties  show  an  important  difference:  in  the  brown  the  perisperm  is 
well  developed  whereas  in  the  white  none  is  evident.  In  both,  the  outer 
layers  of  the  starchy  endosperm  usually  contain  no  starch  grains. 

Chief  Structural  Characters. — Grain  naked,  large,  flattened 
brown  or  white.  ’ 

Perisperm  well  developed  in  brown,  not  evident  in  white  variety 
Outer  endosperm  non-starchy. 

CHEMICAL  COMPOSITION. — See  Kaffir  Corn. 


YELLOW  MILO  MAIZE 

Andropogon  Sorghum  (L.)  Brot.  var.  durra  (Forskal)  Hackel. 

Ger.  Gelber  Milo-Mais. 

Awording  to  Ball  and  Davy,  of  the  Bureau  of  Plant  Industry  U  S 

vaSTwhl^^d^'f «"der  t^e  same 
variety  as  white  durrha  or  Jerusalem  corn. 
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tl  CROSCOPIC  STRUCTURE.— The  empty  glumes  are  pubescent, 
the  flowering  glumes  awnless,  'bhe  caryopsis  is  yellow,  somewhat  longer 
(5  to  0  nun.)  than  the  empty  and  Howering  glumes.  It  is  about  the  same 
Size  as  the  caryopsis  of  brown  durrha  but  more  nearly  globular. 

MICROSCOPIC  STRUCTURE.— The  caryopsis  agrees  in  structure 
with  that  of  white  durrha. 

Chief  Stkuctuhal  Characters. — Kernel  more  nearly  globular  than 
that  of  brown  durrha,  yellow. 

Like  white  durrha  in  structure. 

'  CHEMICAL  COMPOSITION.— Gee  Kaffir  Corn. 


GREEN  FOXTAIL 


Setaria  viridis  Beauv.  =  Chxtochloa  viridis  (L.)  Scribn. 


Oer.  Borstengras. 


Although  a  weed  in  field  and  garden,  this  species  well  serves  as  the 
type  of  the  Panicum  group  (Panicex)  and  is  in  fact  the  probable  wild 


I 


Fio.  56. — Green  Foxtail.  I  spikelet  with 
ripe  kernel:  lower  empty  Klume;  upper 

empty  glume;  gP  glume  and  jA  palet  of  stami- 
nate  flower;  gp  glume  and  jA  palet  of  fertile 
flower;  c  kernel;  h  bristles.  II  kernel  with 
chaff  on  dorsal  side  showing  flowering  glume. 
Ill  kernel  and  chaff  on  ventral  side  showing 
palet.  X8.  (A.L.W.) 


form  of  one  of  the  most  valuable 
cultivated  species,  Setaria  italica 
(German  millet),  a  description  of 
which  is  given  in  a  following  section. 

The  chaffy  fruit  of  green  foxtail 
occurs  in  large  quantities  in  wheat 
of  certain  regions,  notably  the  north¬ 
western  states  of  the  United  States. 

MACROSCOPIC  STRUCTURE 
(Fig.  56). — The  two  flowers  of  the 
spikelet  are  subtended  by  two  empty 
glumes,  the  lower  (^^)  being  three- 
nerved  and  less  than  1  mm.  long,  the 
upper  {g-)  five-nerved  and  2  mm. 
long.  One  of  the  flowers  is  stami- 
nate  with  membranous  flowering 
glume  {gfl)  and  palet  {p^),  the  other 
perfect  with  horny  flowering  glume 
(gp)  and  palet  (p“).  Both  envelopes 
of  the  perfect  flower  have  fine 
transverse  wrinkles,  evident  under 


a  lens,  except  on  the  wings  of  the  palets,  which  are  smooth.  At 
maturity  they  are  dark  colored  and  tightly  envelop  the  fruit.  Two  to 
four  upwardly  barbed  bristles  (h)  rise  from  the  base  of  the  spikelet. 
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The  caryopsis  or  kernel  (c)  is  about  2  mm.  long.  It  is  flat  on  the 
ventral  side  with  a  dark-colored  spot  at  the  hilum  near  the  base.  On  the 
dorsal  side,  extending  from  the  base  to  the  middle  of  the  fruit,  is  a 
depression  beneath  which  is  the  embryo. 

MICROSCOPIC  STRUCTURE. — Winton  ^  has  published  detailed 
descriptions  of  the  chaff  and  caryopsis  on  which  the  following  is  based. 

Thin  Glumes  and  Palet. — Both  empty  glumes  and  the  flowering 


57.  Fiq.  58. 


Fig.  57.  Green  Foxtail.  Glume  of  staminate  flower  in  surface  view.  I  outer 
epiderm  at  edge,  II  in  middle.  X300.  (A.L.W.) 

Fig.  58.— Green  Foxtail.  Palet  of  fertile  flower.  Left,  outer  epiderm  of  smooth 
edge;  right,  of  wrinkled  middle  portion.  X60.  (A.L.W.) 


glume  and  palet  of  the  staminate  flower  have  practically  the  same 
structure. 


Only  two  layers  are  m  most  parts  evident:  (1)  outer  epiderm  (Fig.  57) 
of  elongated  wavy-walled  cells,  interspersed  with  round  cells  (or  hair 
scars)  twin  cells,  and  near  the  edges  stomata,  and  (2)  inner  epiderm  of 
elongated  cells  with  thin,  straight  walls.  Under  the  nerves  and  at  the 
base  a  mesophyl  is  present.  Pores  occur  in  the  walls  of  the  outer  eni- 
dermal  cells,  being  largest  in  the  middle  portion  of  the  glume  or  nalet 
where  they  are  bordered  and  fill  the  bends  of  the  walls  ^ 

Thick  Glume  and  Palet  (Fig.  58)  .-In  these  the  normal  number  of 
layers  is  present  except  in  the  thin  wings  of  the  palet:  (1)  outer  epScm 

1902,"p.^3r"  1903,  6,  433;  Connecticut  Agr.  Exp.  Sta.  Rep. 
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of  thick  wa\’y-walled  cells  which  on  flowering;  glume  and  middle  portion 
of  palet  are  broad,  square  or  slightly  elongated  (Fig.  60)  but  on  the 
wings  of  the  palet  are  narrow  and  elongated  (Fig.  59),  (2)  hijpoderm  of 


Fig.  59. 


Fig.  00. 


Fig.  59. — Green  Foxtail.  Edge  of  mature  palet  of  fertile  flower  in  surface  view, 
showing  outer  epiderm.  X300.  (A.L.W.) 

Fig.  00. — Green  Foxtail.  Same  .as  Fig.  59  but  from  middle.  X300.  (A.L.W.) 


Fig.  61.  Fig.  62. 

Fig.  61.— Green  Foxtail.  Same  as  Fig.  00  but  immature,  surface  focus. 

(A.L.W.)  .  .  ,  r 

Fig.  62.— Green  Foxtail.  Same  as  Fig.  60  but  immature,  deep  focus. 

(A.L.W.) 


X300. 

X300. 
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thickened  fibers,  (3)  mesophyl  of  parenchyma  (not  spongy),  and  (4)  an 
inner  epiderm  of  rectangular  cells. 

The  square  or  slightly  elongated  cells  of  the  outer  epiderm  are  remark¬ 
able  for  the  compoundly  sinuous  walls,  the  wrinkles  with  crests  at  the 
ends  of  the  cells  where  the  lumen  is  broadened,  and  here  and  there  dark 
contents.  In  the  early  stages  of  growth  the  side  walls  near  the  surface 
are  compoundly  sinuous  (Fig.  61);  adjoining  the  hypoderm  they  are 
simply  sinuous  (Fig.  62).  A  wart  with  pores  occurs  at  the  end  of  the 
cell,  which  later  has  a  broadened  lumen. 

Pericarp  (Fig.  63,  F;  and  Fig.  64). — After  scrapings  from  the  kernel 
are  warmed  with  1  per  cent  sodium  hydroxide,  acidified  with  acetic 
acid,  and  mounted  in  chlorzinc  iodine,  the  tissues  of  the  pericarp  are 


Fig.  63.  Green  Foxtail.  Kernel  in  cross  section.  F  pericarp:  ep  epicarp 

*  r*®  ^  ®  endosperm:  al  aleurone  cells,  s  starch 

cells.  X300.  (A.L.W.) 


clearly  differentiated  from  those  of  the  seed  by  the  absence  of  a  decided 
coloration. 

Only  three  layers  are  present:  (1)  epicarp  {ep)  consisting  of  elongated 

cells  with  wavy  walls  except  at  the  hilum  where  they  are  straight,  (2) 

cross  cells  ?),  similar  to  the  tube  cells  of  the  next  layer  but  broader  and 

transversely  arranged,  and  (3)  narrow  tube  cells  (sch)  2  to  4  u  wide  and 
up  to  over  300  p  long.  ^ 

Spermodeim.— The  treatment  above  described  brings  out  a  trans¬ 
parent  cuticularized  coat  stained  bright  vellow  Tlii«  d  k.  ji 
belongs  to  the  spermoderm,  although  as  fn  Lilt 

Pensperm  (Figs.  63  and  64,  ^).-After  the  foregoing  treatment  a 
yer  o  e  ongated  cells  with  beaded  walls  is  sometimes  evident.  Vogl,> 

^  Wicht.  Nahr.-Genussm.  Berlin,  1899,  p.  135. 
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who  studied  German  and  common  millet,  considers  these  cells,  as  well  as 
the  cuticle  above  described,  as  beloii^in^  to  the  perisperm. 

In  cross  section  this  layer  is  reduced  to  a  colorless  line;  in  surface 
preparations,  on  treatment  with  sodium  hydroxide,  it  is  clearly  evident, 
the  cells  being  polygonal  with  beaded  walls. 

Endosperm  (Fig.  63,  E;  Fig.  64).— The  aleurone  cells  (al)  are  rather 
small,  up  to  20  of  the  usual  type.  The  starch  grains  (s)  of  the  endosperm 
are  more  or  less  polygonal  with  a  conspicuous  hilum.  In  the  outer  layers 
they  are  small  but  further  inward  they  reach  18  n.  As  brought  out  by 

^  ogl,  the  network  remaining  after  dissolving  the  starch  masses  in  sodium 

• 


Fig.  64. — Green  Foxtail.  Bran  coats  in  surface  view,  ep  epicarp;  q  cross  cells; 
sch  tube  cells;  N  perisperm;  al  aleurone  cells.  X300.  (A.L.W.) 

hydroxide  is  beaded  as  is  true  of  all  species  of  Setaria  and  Panicum 
examined,  whereas  in  buckwheats  the  residual  network  is  not  beaded. 

Chief  Structural  Characters. — Kernel  2  mm.,  invested  by  trans¬ 
versely  wrinkled,  dark-colored,  thick  envelopes  (glume  and  palet). 

Outer  epiderm  of  envelopes  largely  of  isodiametric  or  moderately 
elongated  cells  with  deeply  compoundly  sinuous  walls  and  lumen, 
broadened  at  end,  containing  a  dark  substance.  Epicarp  of  elongated, 
wavy- walled  cells:  cross  cells  and  tube  cells  worm-like.  Perisperm 
cells  with  beaded  walls.  Starch  grains  polygonal,  up  to  18  p,  with  distinct 

hilum. 

CHEMICAL  COMPOSITION.— An  analysis  given  by  Winton  ^ 
follows: 

^  Loc.  cit. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.,  1902,  p.  344. 
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Water 

Protein 

Fat 

N-f,  ext. 

Fiber 

Ash 

% 

11.76 

% 

14.50 

% 

5.56 

% 

51.44 

% 

11.24 

% 

5.50 

YELLOW  FOXTAIL 


Seiaria  glauca  Beauv.  =  Chxtochloa  glauca  (L.)  Scribn. 

/ 

Fr.  Vulpin.  Sp.  Carricera.  It.  Coda  di  volpe.  Ger.  Gelbe  Borstengras. 


II 


Yellow  foxtail  is  a  troublesome  cosmopolitan  weed  in  field  and  garden. 
The  fruit,  however,  occurs  less  often  than  green  foxtail  in  American  grain. 

MACROSCOPIC  STRUCTURE  (Fig. 

65). — This  species  is  distinguished  from 
green  foxtail  by  the  yellow  color  of  the 
spike,  the  larger  size  of  the  fruit  and  its 
enveloping  flowering  glume  and  palet,  and 
the  bolder  wrinkles  on  the  flowering  glume. 

The  upper  empty  glume  is  little  more  than 
half  the  length  of  the  flowering  glume  of 
the  fertile  flower,  whereas  in  green  foxtail 
it  is  about  the  same  length  65.— Yellow  Foxtail.  Grain 

MICROSCOPIC  STRUCTURE. -In  Twlritliu Je; 
histological  structure  the  mature  kernel  glume,  xs. 

and  its  envelopes  agree  with  those  of  green 

foxtail  except  as  regards  the  wrinkles  on  the  flowering  glume,  which 

are  80  to  120  u  apart,  whereas  in  green  foxtail  they  are  but  30  to  60  /j,. 

The  wrinkles  on  the  palets  of  the  two  species  are  practically  the  same. 

Chief  Structural  Characters.— Grain  larger  than  that  of  green 

foxtail;  wrinkles  of  flowering  glume  wider  apart.  Otherwise  same  as 
green  foxtail. 

the  COMPOSITION.-An  analysis  by  Winton  ■  showed 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

10.49 

% 

11.50 

% 

6.03 

/c 

40.73 

% 

23.02 

% 

8.23 

■  Connecticut  Agr.  Exp.  Sta.  Rep.  1902,  p.  344. 
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GERMAN  MILLET 

Setaria  italica  Beauv.  =  S.  partis  Jessen. 

Fr.  Millet  de  Hongrie.  Ger.  Kolbenhirse. 

Although  assigned  a  separate  Latin  name,  German  millet  is  generally 
believed  to  be  a  cultivated  variety  of  green  foxtail.  In  the  United  States, 
where  it  is  grown  only  for  fodder,  it  is  known  as  millet  or  Hungarian 
grass.  It  should  not  be  confused  with  true  millet  {Panicum  miliaceum 
L.)  Like  the  latter  it  has  been  cultivated  since  prehistoric  times  in 
Europe  and  Asia. 

MACROSCOPIC  STRUCTURE. — Hubbard  ^  describes  several  vari¬ 
eties,  differing  chiefly  in  the  color  of  the  grain. (yellowish,  reddish,  or 
blackish  with  yellow  markings)  and  the  color  and  length  of  the  bristles. 
Unlike  that  of  green  foxtail,  its  kernel  separates  readily  from  the  chaff. 

MICROSCOPIC  STRUCTURE.— See  Green  Foxtail. 

Chief  Structural  Characters. — Fruit  naked  on  threshing,  vari¬ 
ously  colored.  Otherwise  like  green  foxtail. 

COMMON  MILLET 

Panicum  miliaceum  L. 

Fr.  Millet  commun.  Sp.  Mijo.  It.  Miglio  comune.  Ger.  Rispenhirse. 

True  or  common  millet  has  been  cultivated  since  prehistoric  times  in 
Asia,  northern  Africa,  and  southern  Europe.  It  was  grown  by  the  ancient 
Egyptians,  Lake  Dwellers,  East  Indians,  Greeks,  and  Romans.  In  China, 
Japan,  India,  and  parts  of  Europe  it  is  still  cultivated  for  human  food. 
Under  the  Russian  name  “  proso  ”  it  has  been  introduced  into  the 
United  States. 

The  term  “  millet,”  usually  with  a  qualifying  word,  is  applied,  often 
loosely,  to  several  species  of  Panicum,  Setaria  (German  millet,  Italian 
millet),  and  sorghum  (Indian  millet),  as  well  as  to  Eleusine  coracana 
(African  millet)  and  Pennisetum  typhoideum  (pearl  millet).  The  usage 
is  as  various  as  that  of  the  term  “  corn,”  although  not  like  the  latter 
applied  to  the  cereals  of  first  importance  to  Europeans. 

MACROSCOPIC  STRUCTURE.— Common  millet,  as  well  as  other 
grains  of  the  genus  Panicum,  is  readily  distinguished  from  millets  of  the 
genus  Setaria  by  the  smooth,  lustrous,  hard,  and  coriaceous  flowert'ng 
qlume  and  paid.  In  both  genera  these  are  equal  to  or  slightly  exceed 
the  length  of  the  caryopsis,  which  in  common  millet  is  about  2  mm.  long 

>  Am.  J.  Rot.  1915,  2,  187. 
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and  nearly  2  mm.  broad.  The  yellow  or  light  buff  color  of  the  chaff  of 
common  as  well  as  German  millet  distinguishes  these  from  green  foxtail 

with  its  dark-colored  or  spotted  chaff. 

MICROSCOPIC  STRUCTURE -VogP  devotes  several  pages  to 
detailed  descriptions  and  thirteen  cuts  to  illustrating  the  structure  of 
common  millet.  These  show  few  differences  from  German  millet  and 
its  wild  form,  green  foxtail,  described  on  the  foregoing  pages. 

Chaff— Both  flowering  glume  and  palet,  being  smooth,  are  readily 
distinguished  from  the  wrinkled  chaff  of  German  millet,  and  by  this 
character,  as  well  as  the  light  color,  from  green  foxtail. 

Over  most  of  the  surface  the  outer  epiderm  is  made  up  of  isodiametric 
or  moderately  elongated  cells  with  compoundly  sinuous  walls  as  in  green 
foxtail  but  without  pronounced  color  or  irregularities  of  surface;  on  the 
edges  the  cells  are  longer,  narrower,  and  thinner  walled. 

Pericarp,  Spermoderm,  and  Perisperm. — As  in  green  foxtail. 

Endosperm. — The  aleurone  cells  are  somewhat  larger  than  in  the 
Setarias,  being,  according  to  Yogi,  20  to  60  u  in  diameter  as  seen  in  sur¬ 
face  view,  but  the  starch  grains  and  the  beaded  network  left  on  dissolv¬ 
ing  these  in  sodium  hydroxide  are  indistinguishable  in  the  two  cereals. 

Chief  Structural  Characters. — Same  as  of  green  foxtail  and 
German  millet  except  that  outer  epiderms  of  the  flowering  glume  and 
palet  are  smooth,  without  dark  pigment,  and  the  aleurone  cells  are  larger. 

MICROSCOPY  OF  COMMON  MILLET  PRODUCTS.— Millet 
grits  and  flour,  prepared  in  the  Old  World,  contain  in  addition  to  starch, 
bran  tissues,  of  which  the  wavy- walled  epicarp  and  the  beaded  peris¬ 
perm  are  noticeable,  germ  tissues,  and  occasional  fragments  of  the  chaff. 
Distinctions  from  German  millet  and  green  foxtail  are  noted  under  chief 
characters  above. 

CHEMICAL  COMPOSITION. — Bersch,^  in  connection  with  the 


study  of  the  chaffy  grains  known  collectively  in  Germany  as  Hirse  and 
including  several  species  of  Setaria  and  Andropogon  {Sorghum)  as  well  as 
Panicum,  has  made  an  extended  study  of  the  milling  products  of  common 
millet  {Panicum  miliaceum).  The  decorticated  millet  suitable  for 
human  food  is  a  coarsely  granular  product  which  is  of  considerable 
importance  in  old  Austro-Hungary.  Analyses  of  the  leading  products 
are  tabulated  on  the  following  page. 

A  Chinese  sample  of  Huang-mi  analyzed  by  Adolph^  contained: 

10.88,  fat  3.36,  nitrogen-free  extract  74.63,  fiber  1.02 
and  ash  1.62  per  cent.  It  is  obviously  a  decorticated  product.  ’  ’ 


^  Y  icht.  Nahrungs-u.  Genussm.  Berlin,  1899,  p.  135. 
2  Land.  Vers.-Stat.  1895,  46,  103. 

®  Philippine  J.  Sci.  1926,  30,  287. 
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Composition  of  Common  IMillet  and  Products  (Bersch) 


Water 

Protein 

Eat 

N-f.  ext. 

Fiber 

Rough  millet . 

liran . 

Bran . 

Polish . 

Polish . 

Decorticated  millet  * . 

Decorticated  millet  * . 

/o 

9.40 

10.27 

9.65 

8.83 

9.00 

9.77 

9.16 

% 

11.56 

6.68 

6.25 

18.06 

18.37 

13.06 

11.40 

/o 

3.29 

2.33 

2.38 

18.48 

16.50 

2.84 

2.81 

k 

/o 

62.97 

19.50 

28.58 

35.02 

42.61 

72.99 

75.14 

% 

10.00 

52.50 

43.78 

11.07 

6.38 

0.46 

0.23 

*  Extreme  sizes. 


Ash 


% 

2.88 

8.72 

9.36 

8.44 

7.14 

0.88 

1.26 


A  so-called  “  broom  corn  millet  ”  {Panicum  miliacemn) ,  analyzed  by 
Woll/  contained:  water  11.30,  protein  9.44,  fat  3.81,  nitrogen-free 
extract  61.14,  fiber  10.76,  and  ash  3.55  per  cent.  The  composition  cor¬ 
responds  with  tliat  of  true  millet,  but  the  name  “  broom  corn  millet  ’’  is 
misleading. 

Under  the  name  of  “  proso  ’’  38  analyses  appear  in  Chamberlain’s 
bulletin.-  The  range  and  average  composition  follow: 


Composition  of  Proso  (Chamberlain) 


W'ater 

Protein 
(XX  6.25) 

Eat 

X-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

8.15 

10.00 

2.88 

65.69 

4.58 

2.78 

Max . 

10.93 

17.94 

3.78 

75.22 

10.89 

5.65 

Average.  . . . 

8.93 

12.77 

3.27 

71.23 

8.96 

3  78 

Dunbar  and  Binnewies,'^  of  the  South  Dakota  State  College,  found  in 
unbolted  proso  meal  and  proso  hour  (bolted),  respectively:  water  12.80 
and  10.09,  protein  15.86  and  14.90,  fat  5.07  and  3.32,  nitrogen-free 
extract  57.16  and  69.44,  starch  59.65  and  69.15,  fiber  6.25  and  0.80,  and 
ash  2.86  and  1.45  per  cent. 

The  average  of  4  analyses  of  millet  compiled  by  Lindsey*  shows: 

1  Wisconsin  Agr.  Exp.  Sta.  Rop.  1899. 

2  U.  S.  Dept.  Agr.  1909,  Bui.  120. 

3  J.  Am.  Chem.  Soc.  1920,  42,  658. 

*  Massachusetts  Agr.  Exp.  Sta.  1919,  Spec.  Bui. 
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water  12.0,  protein  11.1,  fat  3.7,  nitrogen-free  extract  62.9,  fiber  7.7,  and 
ash  2.6  per  cent. 

Proteins. — In  samples  analyzed  by  Bersch,^  the  protein  nitrogen  and 
amide  nitrogen  in  millet  and  its  products  were  respectively  as  follows: 
rough  millet  1.83  and  0.02,  bran  0.96  to  1.04  and  0.03  to  0.04,  polish 
2.71  to  2.79  and  0.09  to  0.23,  and  decorticated  millet  1.76  to  1.94  and 
0.01  to  0.33  per  cent.  The  nuclein  ranged  from  0.70  in  the  polish  to  0.40 
in  the  decorticated  millet. 

Fat  (Ether  Extract). — The  fat  of  the  various  products  and  by¬ 
products  of  millet  examined  by  Bersch  ^  showed  the  following  figures  for 
saponification  number  and  iodine  number,  respectively:  rough  millet 
216  and  60,  bran  213  to  216  and  58  to  59,  polish  210  to  212  and  58,  and 
decorticated  millet  213  to  214  and  56  to  61. 

An  extraction  of  ground  hulled  proso  yielded  in  the  hands  of  Dunbar 
and  Binnewies  ^  a  mobile  oil  at  first  straw  color,  on  standing  light  golden 
yellow.  On  standing  out  of  contact  with  the  air,  crystals  of  an  unknown 
substance,  “  prosol,”  which  melted  at  279°  C.,  appeared.  The  sub¬ 
stance  contained  80.8  per  cent  of  carbon  and  10.1  per  cent  of  hydrogen. 
It  was  believed  to  be  a  ketone  alcohol  in  several  respects  allied  to  the 
phytosterols,  in  others,  markedly  different,  and  was  assigned  the  tenta¬ 
tive  molecular  formula  C24H36O2. 

The  fat  itself  had  the  following  constants:  specific  gravity  at  22.5° 
0.9228,  refractive  index  1.4745,  saponification  number  181.5,  iodine 
number  (Hiibl)  92.3,  acetyl  number  39.2,  and  Reichert-Meissl  number 
2^5.  The  free  fatty  acids  reached  11.9  per  cent,  calculated  as  oleic  acid, 
the  unsaponifiable  matter  2.52  per  cent.  Determination  of  the  volatile 
acids  yielded  0.36  per  cent,  calculated  as  formic,  and  of  insoluble  fatty 
acids  89.8  per  cent.  The  combined  mass  of  saturated  and  unsaturated 
insoluble  acids  had  a  saponification  number  of  195.9,  an  iodine  number  of 
96.6,  and  a  mean  molecular  weight  of  286.  Of  the  insoluble  acids  14.7 
per  cent  were  saturated  and  85.3  per  cent  unsaturated.  Constants  for 

nurbe7l8\7and?i7a  “-^-li-tion 

They  conclude  that  the  saturated  acids  consist  of  a  large  amount  of 

62.56  and  0.31,  bran  19.03  to  27.83  and  0.47  to  0.75,  polisr34'.mo  4I.59 

^  Loc.  cit. 

^  Loc.  cit. 

®  Loc.  cit. 
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and  0.90  to  1.02,  and  decorticated  millet  72.56  to  74.40  and  0.37  to  0.74 
per  cent. 

Pillitz^  found  in  the  hulled  grain:  sugar  0.45  and  dextrin  1.12  per 
cent. 

Mineral  Constituents —The  composition  of  the  ash  of  millet,  given 
by  Haskins  ^  in  terms  of  parts  per  thousand  of  the  grain,  as  recalculated 
in  percentages  of  the  ash  follows: 


KjO 

Na^O 

CaO 

MgO 

l\0. 

SO3 

Cl 

Undeter¬ 
mined  * 

% 

11-2 

% 

1  -4 

% 

0-7 

% 

9-5 

% 

22-0 

% 

0-3 

% 

0-3 

% 

54*6 

*  Mostly  silica. 


Konig  ^  reports  similar  figures,  including  silica  56.02  per  cent. 

Minor  Mineral  Constituents.  Manganese. — 7.7  mg.  per  kilo,  air-dry  basis  (Quar- 
taroli).* 

Copper. — 5  mg.  per  kilo,  air  dry  basis  (Quartaroli).^ 

Zinc. — 17  mg.  per  kilo,  air  dry  basis  (Bertrand  and  Benzon).® 

JAPANESE  BARNYARD  MILLET 

Panicum  frumentaccum  Roxbg.  =  Echinochloa  frumentacca\An\i. 

This  species  has  a  more  compact  inflorescence  than  common  barn¬ 
yard  grass  but  is  so  closely  allied  as  hardly  to  warrant  separation  into 
distinct  species.  It  yields  grain  used  as  human  food  in  the  Orient  and 
is  grown  to  some  extent  in  the  United  States  as  a  fodder  plant. 

MACROSCOPIC  STRUCTURE. — The  six  floral  envelopes  corre¬ 
spond  to  those  of  common  millet.  The  three-nerved  obtuse  clasping 
lower  empty  glume  is  one-third  the  length  of  the  five-nerved  upper  einpty 
glume  and  the  seven-nerved  flowering  glume  of  the  abortive  flower,  all 
three  being  chaffy,  brown  or  purple,  and  hairy  on  the  nerves.  A  short 
point  crowns  the  glume  of  the  abortive  flower.  The  palet  of  the  abortive 
flower  is  thin  and  without  nerves.  Both  the  glume  and  the  palet  of  the 
fruit  are  hard,  smooth,  and  lustrous  with  faint  longitudinal  striations. 
The  color  varies,  being  commonly  gray  or  brown-gray. 

1  Z.  anal.  Chem.  1872,  11,  62. 

2  Massachusetts  Agr.  Exp.  Sta.  1919,  Spec.  Bui. 

3  Chem.  mensch.  Nahr.-Genussm.  Berlin,  1920,  2,  p.  873. 

*  Ann.  chim.  appl.  1928,  18,  47. 

^  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 
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MICROSCOPIC  STRUCTURE.  Thin  Glumes.— Both  the  empty 
glume  and  the  glume  of  the  abortive  flower  have  the  same  general  struc¬ 
ture.  The  outer  epiderm  consists  of  longitudinally  elongated,  wavy- 
walled  cells  alternating  with  short  stiff  hairs  or  their  scars,  each  often 
with  an  adjacent  crescent  cell  forming  a  twin.  On  the  ribs  and  at  the 
margins  the  hairs  are  longer,  reaching  1  mm.  Although  thick- walled, 
the  hair  is  so  broad  at  the  base  as  to  make  the  lumen  broader  than  the 
walls. 

The  Thin  Palet  of  the  abortive  flower  is  more  delicate  in  structure 
with  short  hairs  on  the  margins. 

Thick  Glume  and  Palet. — These,  closely  enveloping  the  kernel,  are 
like  the  corresponding  parts  of  common  millet  in  structure,  being  free 
from  the  elevations  at  the  ends  of  the  cells  forming  the  characteristic 
wrinkles  of  German  millet  and  the  foxtails. 

Pericarp. — The  structure  is  practically  like  that  of  common  and 
German  millets  and  the  foxtails.  The  strongly  sinuous  walls  of  the 
epicarp  often  form  interlocking  rounded  dove-tails.  On  successive 
treatment  with  sodium  Hydroxide,  acetic  acid,  and  chlorzinc  iodine,  the 
layers  are  differentiated  by  the  faint  coloration  from  the  spermoderm. 

Spermoderm. — Structureless,  but  the  cuticle  stains  golden  yellow 
when  treated  as  above. 

Perisperm. — Not  evident  in  specimens  examined. 

Endosperm. — Aleurone  cells  up  to  60  u  in  surface  view  and  starch  cells 
with  rounded  polygonal  grains  up  to  18  u  are  indistinguishable  from 
those  of  common  millet. 

Chief  Structural  Characters. — Grain  chaffy  j  outer  envelopes 
thin,  brown  or  purple,  hairy  on  nerves;  glume  and  palet,  enveloping 
grain,  hard,  smooth,  lustrous,  with  faint  longitudinal  striations. 

Hairs  of  outer  chaff  long  and  short,  stiff.  Epicarp  with  sinuous  often 
interlocking  walls.  Cross  cells,  tube  cells,  spermoderm,  and  starch 

grains  as  m  green  foxtail  and  German  and  common  millets.  Aleurone 
cells  as  in  common  millet. 


BARNYARD  GRASS 

Panicum  crus-galli  L.  =  Echinochloa  crus-galli  Beauv. 

Ger.  Hiihnerhirse. 

This  weed  is  so  like  the  foregoing  as  hardly  to  warrant  a  specific  name 
It  s  common  m  cultivated  soils  of  Europe  and  America  partiLlariv 
as  the  name  indicates,  where  the  ground  is  rich.  In  the  variety  hisvidi 
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abortive  flower  is  extended  into  a  long  awn.  The  flowering  glume  and 
]mlet  of  the  fruit  vary  from  liglit  yellow  to  nearly  black  in  color. 


PEARL  MILLET 

Pennisetum  amencanutn  Schum.  =  P.  typhoideum  Rich.  =  Penicillaria 

spicata  Willd. 

Fr.  Millet  chandelle.  Sp.  Panizo  negro.  Ger.  Negerhirse. 

Whether  or  not  pearl  millet  originated  in  Africa,  it  has  been  exten¬ 
sively  grown  there  since  colonial  days,  and  the  genus  to  which  it  belongs 
is  represented  by  several  other  species.  It  has  been  grown  in  India  and 
other  Asiatic  countries  since  before  the  advent  of  Europeans  and  in 
tropical  America  since  the  early  Spanish  colonization. 

As  a  human  food  it  is  of  no  little  importance  in  Africa,  being  known 
as  duchn,  dohan,  and  by  other  names.  In  subtropical  Europe  and 
America  it  is  grown  as  fodder. 

MACROSCOPIC  STRUCTURE. — The  inflorescence  is  in  dense 
spikes  up  to  2.5  cm.  in  diameter  and  up  to  over  30  cm.  long.  Each  hairy 
pedicel,  1  mm.  long,  bears  two  spikelets,  5  mm.  long,  with  an  involucre 
of  numerous  upwardly  barbed  bristles  equaling  them  in  length.  Each 
spikelet  has  two  flowers,  but  only  the  terminal  one  is  fertile.  The 
spikelets  resemble  those  of  the  foxtails  and  German  millet  in  that  bristles 
are  present,  but  differ  in  that  none  of  the  chaff  elements  are  transversely 
wrinkled.  Hairs  occur  at  the  edges  of  the  flowering  glumes  and  on  the 
wings  of  the  palet. 

There  are  two  empty  glumes  of  thin  texture,  one  about  one-quarter 
and  the  other  nearly  half  the  length  of  the  spikelet.  The  five-nerved 
flowering  glume  and  the  two-nerved,  two-winged  palet  of  both  fertile 
and  sterile  flowers  are  about  the  length  of  the  spikelet,  those  of  the  sterile 
flower  being  of  thinner  texture.  The  exposed  surface  of  the  flowering 

glume  of  the  fertile  flower  is  lustrous. 

At  maturity,  the  fruit,  showing  from  between  its  enclosing  chaff, 
is  easily  removed  by  threshing,  although  grain  enveloped  by  chaff  and 
with  bristles  and  pedicel  attached  occurred  in  the  samples  examined. 
The  fruit  varies  up  to  5  mm.  long;  it  is  largest  at  the  apex,  tapering  to 
the  narrow  base,  varying  from  oval  to  tear-drop  shape.  The  top  por¬ 
tion  is  pearl  gray,  shading  to  brown  at  the  bottom.  The  brown  color  is 
well  marked  over  the  embryo,  which  is  over  half  the  length  of  the  fruit, 
on  the  side  facing  the  flowering  glume.  A  dark  spot  occurs  on  the  side 

opposite  the  embryo  near  the  base. 
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MICROSCOPIC  STRUCTURE— Mitlacher's  description  ^  agrees  in 
most  details  with  the  following,  based  on  our  own  observations. 

Pedicel.— The  numerous  hairs  are  often  over  1  mm.  long  with  lumen 
broader  than  the  wall. 

Bristles.— These  vary  from  broad  (150  /x)  to  slender.  The  broad 
forms  bear,  in  addition  to  short  hairs,  long  hairs  like  those  on  the  pedicel ; 
the  slender  forms  are  merely  barbed  with  short  thorn-like  hairs  forming  a 
saw  edge. 

Empty  Glumes. — In  both,  the  elongated  cells  of  the  outer  epiderm 
have  thin,  finely  wavy  walls.  Short  thorn-like  hairs  occur  on  the  edges. 

Flowering  Glumes. — In  the  thicker  parts  four  layers  may  be  present : 
(1)  outer  epiderrn  with  wavy- walled  long  cells,  twin  cells,  and  on  the 
edges  short  thorn-like  and  long  (700  or  over)  hairs,  (2)  hypoderm  of  thin- 
walled  fibers,  (3)  parenchyma  (only  in  parts),  and  (4)  straight-walled 
inner  epiderm.  IMitlacher  notes  the  occurrence  of  a  raised  rosette  of 
cells  about  the  base  of  some  of  the  hairs. 

On  the  flowering  glume  of  the  fertile  flower  the  walls  of  the  outer 
epiderm  are  more  strongly  thickened  than  on  the  flowering  glume  of  the 
sterile  flower. 


Palets. — Both  palets  are  practically  the  same  in  structure  as  the  cor¬ 
responding  flowering  glumes  except  on  the  wings  where  the  cells  of  the 
outer  epiderm  have  thinner  walls,  numerous  hairs  are  present,  and  the 
underlying  tissues  are  less  strongly  developed  or  absent. 

Pericarp.— Four  layers  are  present:  (1)  epicarp  made  up  of  longi¬ 
tudinally  elongated  cells  with  unusually  thick,  porous,  sinuous  walls, 
(2)  hypoderm  similar  to  the  epicarp,  one  or  two  cells  thick,  (3)  sporigy 

parenchyma  of  branching,  mostly  transversely  elongated  cross  cells  as  in 
maize,  and  (4)  tube  cells. 

When  fully  developed,  the  walls  of  the  epicarp,  as  seen  in  surface 

preparations,  being  strongly  thickened  and  in  addition  sinuous  and 

porous,  show  curious  distorted  beads  not  unlike  those  of  the  thick  chaff 

of  oats.  Mitlacher  evidently  examined  only  underdeveloped  specimens 

as  he  found  only  thin  wavy-walled  cells  with  thickenings  on  the  outer 
bends  of  the  waves. 

Spermoderm  and  Perisperm,  if  present,  are  inconspicuous  and  local 
ndosperm.  Kornicke  and  Werner  2  and  Beneke^  state  that  the 

£k  2'  “m  however,  is  faint  or 

g.  More  conspicuous  is  the  frequent  knobby  thickening  of  the 

walls  such  as  rn  the  endosperm  of  coffee.  Similar  Lobby  tWckenings 


» Lni'  f  831,  856,  875,  899,  928. 

Handbuch  des  Getreidebaues.  Berlin,  1885 

Landw.  Vers.-Sta.  1889,  36,  337. 
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occur  in  the  aleurone  cells  of  wheat  (which  see)  about  the  end  of  the 
groove  as  seen  in  cross  section  but  are  not  noticeable  in  surface  view. 

The  starch  cells  contain  grains  practically  the  same  as  in  foxtails  and 
common  and  German  millets.  Polygonal  and  rounded  forms,  both  with  ' 
distinct  hilum,  are  present,  the  maximum  not  exceeding  20 

Embryo. — Not  remarkable. 

Chief  Structural  Characters.— Kernel  ovate  or  tear-drop  shaped, 
pearl  gray  above,  brown  below,  sometimes  with  chaff,  numerous  bristles, 
and  pedicels  attached.  Chaff  smooth,  excepting  hairs. 

Chaff  with  elongated,  wavy-walled  cells  and  short  twin  cells.  Hairs 
present  on  pedicel,  bristles,  edges  of  flowering  glume,  and  wings  of  palet. 
Epicarp  cells  with  much-thickened,  porous,  sinuous  walls;  cross  cells 
forming  spongy  parenchyma.  Aleurone  cells  often  with  knobby- 
thickened  walls  and  faint  blue  contents.  Starch  grains  of  millet  type 
(see  Green  Foxtail). 

CHEMICAL  COMPOSITION. — As  analyzed  by  Church  ^  and 
Balland,^  the  seed  contains  as  follows: 


Water 

Pndcin 

Fat 

N-f.  ext. 

Fi::er 

Ash 

% 

% 

% 

% 

% 

% 

Church . 

Balland: 

11.3 

10.4 

3.3 

71.5 

1.5 

2.00 

Min . 

11.00 

8.78 

2.35 

00.07 

1.35 

0.80 

Max . 

14.  CO 

10.10 

0.25 

71.17 

3.85 

2.10 

,  RICE 

Oryza  sativn  L. 

Fr.  Riz.  Sp.  Arroz.  It.  Riso.  Ger.  Reis. 

Rice  is  distinctly  an  Asiatic  cereal  both  as  to  its  origin  and  chief 
cultivation  in  modern  times.  As  a  wild  plant  it  appears  to  have  been 
distributed  over  a  wide  region,  including  China  and  India.  It  was  cul¬ 
tivated  in  China  and  Japan  at  least  3000  b.c.  and  somewhat  later  in  India. 
From  India  it  traveled  westward,  reaching  Syria  and  Egypt  not  long 

before  the  Christian  era  (l)e  Candolle). 

According  to  Stubbs,  Dodson,  and  Browne,^  its  introduction  into  the 

.  1  Watt’s  Diet.  Econ.  Prod.  India,  Calcutta,  1889,  6,  Part  1,  30. 

2  Compt.  rend.  1902,  136,  1079. 

Louisiana  Agr.  Exp.  Sta.  1904,  Ser.  2,  Bui.  77. 


RICE 


131 


United  States  dates  from  1698,  when  seed  was  brought  to  the 
Carolinas.  Soon  after  the  end  of  the  Civil  War  in  1865  its  cultiva¬ 
tion  was  undertaken  in  Louisiana,  where  it  is  now  a  crop  of  great 
importance. 

Other  types  of  rice  are  red  rice  (0.  vufipogon),  dry  or  mountain  rice 
(0.  mutica),  early  rice  (0.  prsecox),  and  glutinous  or  clammy  rice  (0. 
glutinosa),  which,  although  assigned  specific  names, 
are  doubtless  mere  varieties.  None  of  these  is  of 
great  importance. 

MACROSCOPIC  STRUCTURE  (Fig.  66).— 

The  spikelets  are  one-flowered  with  two  minute 
empty  glumes  (EG)  and  (EG^),  a  flowering  glume 
(EG)  awnless  or  awned  (A)  at  the  very  apex,  and 
a  somewhat  smaller  palet  (P).  The  flowering  glume 
has  the  usual  five  nerves  and  the  palet  three 
nerves,  two  of  which  are  in  the  keels.  Viewed  with 
a  lens,  both  the  floral  envelopes  show  a  kind  of 
cross  hatching  on  the  outer  surface  with  longitudinal 
markings  and  finer  cross  markings.  Because  of 
these  and  the  high  silica  content,  the  chaff  is  harsh 
and  indigestible,  unsuited  even  for  animal  food.  A 
cross  section  (III)  under  a  lens  shows  the  curious 
manner  in  which  the  edges  of  the  flowering  glume 
fit  into  the  longitudinal  groove  of  the  palet  in  front 
of  the  keels,  also  the  narrow  wings  of  the  palet  hug¬ 
ging  close  to  the  kernel. 

Separated  from  the  chaff  or  hulls,  the  kernel 

(caryopsis)  (II)  is  characterized  by  several  shallow 

longitudinal  grooves  which  are  formed  by  close 

contact  with  the  ridges  on  the  inner  surface  of  the 

flowering  glume  and  palet.  The  embryo  is  situated 

at  the  bottom  on  the  side  facing  the  flowering'  glume 

•as  in  other  cereals  but  is  relatively  small. 

MICROSCOPIC  STRUCTURE.-Sections  of  the 

chaff  are  cut  with  difficulty  owing  to  their  siliceous 

nature.  For  surface  preparations  boiling  with  1 

per  cent  sodium  hydroxide  is  useful.  The  caryopsis 

separated  from  the  whole  grain  or  brown  rice  must 

be  used  for  study  of  the  bran  coats,  as  ordinary  white  rice  lacks  the 
outer  coats. 

Glume.— This  is  essentially  the  same  in  structure  as  the 


Fig.  66. — Rice.  I 
envelopes  (chaff).  X3. 
II  kernel.  X3.  Ill 
whole  in  cross  section. 
X  12.  EG,  EG^  empty 
glumes;  EG  flowering 
glume;  P  palet;  A 
awn;  FS  bran  coats; 
E  endosperm;  Em  em¬ 
bryo;  fv  bundle.  (A. 
L.W.) 
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Palet  (Fig.  67,  P;  Fig.  68).— Four  layers  are  present:  outer  epiderm 
{ep  )  with  longitudinal  rows  of  nearly  square  cells  with  deeply  sinuous, 


Fig.  67. — Rice.  Palet  and  KUiin  in  cross  section.  P  palet:  cp*  outer  epiderm 
with  hair,  /  hypoderm  fibers,  p  spongy  parenchyma  with  fv  bundle,  ep‘^  inner  epiderm 
with  sto  stoma.  F  pericarp):  epi  epiicarp),  7nes  mesocarp),  tr  cross  cells,  tu  tube  cells. 
S  spermoderm.  N  p)erisp)erm.  E  endosperm:  al  aleurone  cells,  am  starch  cells. 
X160.  (A.L.W.) 


Fig.  68. — Rice.  Palet  in  surfai^e  view,  cp^  outer  ep)iderm  with  x  sinuous  cells, 
P  hair,  and  y  hair  scar;  /  hypaxlorm  fibers;  p  sp)onf^y  p)arenchyma;  inner  cpiiderm 
with  sto  stoma  and  P  hair.  X Hid.  (A.I^.W.) 
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thick  walls,  interspersed  with  stiff  straight  hairs  {t^),  (2)  sclerenchyma 
fibers  (/)  often  with  numerous  outgrowths  on  the  side  fitting  into  corre¬ 
sponding  depressions  of  adjoining  fibers  or  cells,  (3)  spongy  parenchyma 
(p)  with  rather  small  quadrilateral  cells,  and  (4)  inner  epiderm  (ep^)  of 
polygonal  cells  elongated  over  the  bundle  but  elsewhere  isodiametric, 
interspersed  with  thin-walled  unicellular  or  jointed  hairs  and  broad 
stomata. 

No  other  cereal  has  cells  resembling  those  of  the  outer  epiderm.  As 
seen  in  surface  view,  the  cells  are  not  only  end  to  end  but  side  by  side  in 
rows.  The  walls  are  so  deeply  sinuous  as  to  be  really  folded.  In  addi¬ 
tion,  each  turn  has  sinuosities  of  its  own  although  not  deep.  As  is  evi¬ 
dent  from  cross  sections,  grooves  follow  along  the  longitudinal  walls 
forming  the  striations  noted  with  the  lens.  Cross  furrows  pass  midway 
between  the  transverse  rows  of  end  walls. 

The  hairs  of  the  outer  epiderm  are  loosely  attached  and  often  missing, 
leaving  conspicuous  scars. 

The  fibers  and  spongy  parenchyma 
are  not  unlike  these  layers  in  barley. 

Characteristic  is  the  inner  epiderm 
with  isodiametric  polygonal  cells 
(except  over  the  bundle)  and  the 
broad  stomata.  As  in  other  cereals, 
the  radial  walls  tend  to  fall  over, 
bringing  outer  and  inner  walls  to¬ 
gether  and  forming  two  cell  networks 
(Fig.  68, 

Pericarp  (Fig.  67,  F;  Fig.  69). 

The  structure  of  the  pericarp,  sper- 


Fig.  69. — Rice.  Bran  elements  in  surface 
view,  epi  epicarp;  hy  hypoderm;  tr  cross 
cells;  tu  tube  cells;  <S  spermoderm;  N  peri- 
sperm.  X160.  (A.L.W.) 


are 


moderm,  and  perisperm  is  remarkable  because  five  of  the  six  layers 
transversely  elongated,  whereas  in  the  other  common  cereals  this  is  true 
usually  of  only  one  layer  and  at  the  most  of  two  layers. 

The  layers  of  the  pericarp  are  (1)  epicarp  (epi),  consisting  of  trans¬ 
versely  elongated  cells  with  deeply  wavy  end  walls,  (2)  hypoderm  or 
mesocarp  (mes,  hy),  also  of  transversely  elongated  cells  but  with  straight 
walls  (3)  cross  cells  (tr)  of  transversely  elongated  vermiform  cells,  except 

»  arrangement  quite  like  the  cells  of  the  next  layer 

and  (4)  typical  tube  cells  (tu).  ^  ^ 

Of  these  layers,  the  epicarp  (epi)  with  the  deeply  sinuous  end  walls 
LlrvieTTt  2  "  ‘^‘Shly  characteristic  in 

— eS. ’"x  irr 
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The  cross  cells  are  much  like  those  of  maize,  sorghum,  and  millet 
and  somewhat  like  parts  of  the  hypoderm  of  oats,  but  very  different  from 
the  cross  cells  of  wheat,  rye,  and  barley. 

Spermoderm  (Figs.  67  and  69,  S). — By  cautious  treatment  of  sections 
with  sodium  hydroxide  on  a  slide,  removal  of  the  liquid  with  a  bit  of 
filter  paper,  and  washing  with  water  and  finally  with  acetic  acid  in  the 
same  manner,  the  spermoderm  and  perisperm  are  both  made  evident. 
Subsequent  treatment  with  chlorzinc  iodine  brings  out  the  cuticle  of  the 
spennoderm  as  a  yellow  line  and  the  perisperm  as  a  blue  line.  Treat¬ 
ment  of  whole  kernels  removed  from  the  chaff  with  the  sodium  hydroxide 
and  then  with  acid,  scraping,  and  mounting  in  the  chlorzinc  iodine  brings 
out  the  same  tissues  in  surface  view.  As  in  the  outer  layer  of  the  sper¬ 
moderm  of  wheat,  the  walls  are  delicate  and  the  cells  are  side  by  side  in 
rows  but  the  elongation  is  transverse. 

Perisperm  (Figs.  67  and  69,  iV). — The  treatment  described  in  the 
foregoing  section  brings  out  the  perisperm  as  well  as  the  spermoderm. 
In  surface  view,  the  cells,  recognized  by  their  blue  color,  are  transversely 
elongated  and  side  by  side  in  rows,  as  is  true  of  the  spermoderm,  but  are 
characterized  by  their  beaded  walls. 

Attention  was  first  called  to  the  structure  of  both  the  spermoderm 
and  perisperm  by  Winton  ^  in  1905. 

Endosperm  (Fig.  67,  L). — The  aleurone  cells  (al)  form  a  layer  one 
cell  deep  over  most  of  the  kernel,  but  in  parts  they  are  two  or  three  cells 
deep.  In  surface  view  they  are  about  the  same  size  as  the  aleurone  cells 
of  oats  but  have  thinner  walls. 

Starch  Cells  (am). — The  starch  grains  are  not  distinguishable  from 
those  of  oats  either  in  size  (up  to  10  /x)  or  their  occurrence  in  aggregates  of 
few  or  many  grains.  The  absence  of  spindle-shaped  individuals  hiis 
been  advanced  as  a  valid  distinction,  but  this  is  far  from  satisfactory. 

Chief  Structural  Characters. — Kernel  longitudinally  striate, 
enveloped  by  harsh  siliceous  flowering  glume  and  palet. 

Outer  epiderm  of  envelopes  of  isodiametric  cells  with  thick,  deeply 
folded  walls.  Epicarp,  hypoderm,  spermoderm,  and  perisperm  of  trans¬ 
versely  elongated  cells  side  by  side  in  rows.  End  walls  of  epicarp  cells 
deeply  sinuous.  Cross  cells  and  tube  cells  worm-like.  Starch  grains 
small  (10  jjl),  polygonal,  in  small  and  large  aggregates  as  in  oats. 

MICROSCOPY  OF  RICE  PRODUCTS.— Rough  rice  as  obtained  by 
threshing,  not  being  suited  for  food,  must  be  put  through  a  process 
whereby  the  harsh  siliceous  hulls  are  removed,  whatever  treatment  may 

follow. 

1  Moeller:  Mikroskopie  der  Nahrungs-  u.  Genussmittel.  Berlin,  2  Aufl.  1905,  p. 
214.  Winton:  Microscopy  of  Vegetable  Foods.  New  \ork,  1st  Ed.  1906,  p.  108. 
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Hulled  Rice— Removal  of  the  hulls  is  accomplished  by  means  of 
stones.  The  product  thus  obtained  was  formerly  regarded  as  unfinished 
and  was  quite  unknown  to  the  public  but  now  is  sold  under  the  name  of 
brown  rice  and  recommended  because  of  its  high  antiscorbutic  qualities 
as  an  infant  food.  It  consists  merely  of  the  whole  grain  exclusive  of  the 
worthless  hulls. 

Polished  Rice. — The  hulled  rice,  if  not  marketed  in  that  form,  is  next 
decorticated  to  remove  the  skin  or  bran,  consisting  of  the  pericarp  and 
layers  within  up  to  the  starchy  endosperm,  also  the  embryo.  Decor- 
tication  formerly  was  carried  out  by  pounding  in  large  wooden  mortars 
with  wooden  pestles,  but  this  primitive  method  is  now  superseded  by 
passing  through  modern  machinery.  The  by-product  of  the  operation 
is  rice  bran. 

The  process  of  polishing  which  follows  rubs  off  irregularities  of  the 
surface  and  leaves  the  kernel  in  its  finished  form,  the  rice  of  commerce, 
rice  polish  being  the  by-product. 

Disregarding  the  senseless  if  not  unwholesome  process  of  coating 
with  glucose  and  talc  often  practiced,  ordinary  culinary  rice  consists 
almost  entirely  of  the  starchy  endosperm  with  only  part  of  the  aleurone 
layer  and  traces  of  the  bran  tissues  and  germ. 

Broken  Rice,  separated  from  the  more  attractive  whole  kernels,  is 
placed  on  the  market  as  such*  or  utilized  in  the  manufacture  of  mill 


products. 

Puffed  Rice  is  the  polished  rice  puffed  by  the  same  process  as  is  used 
in  making  puffed  wheat  (which  see). 

Rice  Flour  and  Grits  are  analogous  to  the  flour  and  grits  of  wheat  and 

maize  and  are  of  a  somewhat  variable  character  according  to  the  process 
of  milling. 

Rice  flour  is  a  common  constituent  of  griddle-cake  mixtures;  the  grits 
are  utilized  in  brewing. 

Rice  Starch.  See  Commercial  Starches. 

Rice  Offals.— Rice  Hulls  serve  for  packing  and  various  technical 

purposes.  eir  presence  in  rice  feeds  in  considerable  amount  consti- 
tutes  an  adulteration. 


cattle  foods,  the  former  containing  more  of  the  outer  bran  tissues  the 
latter  more  of  the  starchy  endosperm  ’ 

from'lfffT^f  COMPOSITION.-The  range  in  composition  of  rice 
trom  different  countries  exhibited  at  the  World’s  Fair  of  China 
1893,  as  reported  by  Wiley,>  is  as  follows : 


'  V.  S.  Dept.  Agr.,  Div.  Chem.  1898,  Bui.  13,  1182. 
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Composition  of  Rice  (Wiley) 


Samples 

Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

Rough  rice: 

4 

% 

% 

% 

% 

% 

% 

Min . 

9.0 

11.5 

8.2 

8.4 

1.4 

2.0 

4 

Ma.x . 

OO .  U 

y  ,4 

11  K 

3.3 

Unpolished  rice: 

() 

DO .  i 

1  i  .  0 

4.7 

Min . 

10.9 

7  3 

1.6 

73.3 

n  Ci 

1.0 

Max . 

10.5 

u .  y 

1.0 

12.6 

2.3 

77.3 

1.2 

Polished  rice: 

14 

Min . 

11.8 

13.2 

5  4 

0.04 

0.5 

75.6 

81.7 

0.3 

O  A 

n  Q 

Max . 

10.3 

U .  u 

n  7 

v.  O 

u .  / 

Asiatic  Rice. — Hooper  ^  reports  analyses  of  Indian  rice  from  different 
provinces,  and  Cushman  and  Fuller  ^  of  samples  collected  in  the  open 
market  at  Singapoie  and  Shanghai  at  the  instance  of  the  Siamese  gov¬ 
ernment.  Their  results  for  fat,  fiber,  and  ash  in  the  table  below  indicate 
great  differences  in  the  degree  of  polishing. 


Composition  of  Asiatic  Rice 


\ 

Samples 

Wt.  100 
kernels 

Water 

Protein 

P^at 

N-f. 

ext. 

Fiber 

Ash 

grams 

% 

% 

% 

% 

% 

% 

Hooper: 

159 

Min . 

8.94 

6.58 

0.31 

73.63 

0.32 

0.73 

Max . 

13.15 

7.69 

2.83 

82.05 

1.00 

1.56 

Cushman  and 

Fuller: 

27 

IMin . 

0.892 

9.19 

7.38 

0.10 

78.67 

0.16 

0.40 

Max . 

1.725 

11.54 

8.94 

0.94 

80.87 

0.83 

1.23 

Typical  Ceylon  rice  and  its  products,  prepared  by  hand  labor,  have 
been  analyzed  by  Joachim  and  Kandiah  ^  with  the  following  average 
results: 

^  Agr.  Ledger,  1908-9,  6,  1. 

2  Eighth  Int.  Cong.  Appl.  Cheni.  1912,  18,  73. 

®  Trop.  Agr.  (Ceylon)  1928,  70,  195. 
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OoMPOsiTioN  OF  Ceylon  Rice  and  Products  (Joachim  and  Tvandiah) 


Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

P2O6 

CaO 

% 

% 

% 

% 

% 

% 

% 

% 

Paddies . 

Hand-husked 

12.01 

6.69 

1.91 

63.84 

10.40 

5.26 

0.54 

0.078 

rice . 

11.64 

9.10 

2.42 

74.79 

0.65 

1.41 

0.71 

0.064 

Polished  rice . .  . 

12.21 

7.64 

1.00 

77.90 

0.33 

1.00 

0.43 

0.043 

Bran . 

12.51 

13.17 

10.12 

38.72 

14.05 

11.44 

2.93 

0.280 

Husks . 

11.35 

3.90 

1.26 

25.83 

40.22 

17.43 

0.50 

0.270 

American  Rice  and  By-Products. — Rough  rice  and  the  products  of 
the  rice  industry  have  been  studied  by  Ross  ^  and  by  Browne  and 
Chiquelin,^  as  shown  below  and  on  the  following  page: 


Composition  of  Rice  and  Products  (Ross) 


Water 


Protein 


Pure 

protein 


Fat 


N-f. 

ext. 


Fiber 


Ash 


\  Rough  rice . 

Rice  from  stones . 

Pounded  rice . 

Rice  from  coohng  floor. . 

Clean  rice . 

Bran . 

Polish . 

Hulls . 

Straw . 


% 

10.95 

12.12 

12.42 

12.75 

12.85 

10.67 

10.63 

8.27 

8.97 


% 

7.44 

8.09 

8.14 

7.74 

7.52 

11.29 

10.94 

2.89 

4.72 


%  ■ 

’  7.09 
8.09 
7.96 
7.44 
7.17 
10.67 
10.85 
2.89 
4.72 


% 

2.58 
2.10 
2.50 
1.05 
0.38 
-  9.97 
7.02 
0.85 
1.87 


% 

64.30 

72.11 

72.01 

76.92 

78.05 

46.02 

63.34 

34.99 

32.21 


% 

-  9.28 
3.03 
2.55 
0.72 
0.47 
-10.95 
2.62 
38.15 
32.25 


% 

5.45  • 
2.55 
2.38 
0.82 
0.73 

ir.oo  - 

5.45 

13.85 

19.97 


The  milling  of  rice  and  its  mechanical  and  chemical  effect  upon  the 
grain  are  the  subjects  of  an  extensive  study  carried  out  on  a  commercial 
scale  by  Wise  and  Broomell.  The  rice  was  of  two  types:  Honduras  and 
Japan;  four  series  of  samples  were  analyzed  in  the  former  and  three  in 

in  the  miir®’  products  as  they  came  from  each  machine 

In  the  table  given  on  the  following  page,  only  such  products  as 

^  Louisiana  Agr.  Exp.  Sta.  1889,  Bui.  24. 

^  Ibid.  1904,  Ser.  2,  Bui.  77. 

'  U.  S.  Dept.  Agr.  1916,  Bui.  330. 
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Composition  of  Rice  and  Products  (Browne  and  Chiquelin) 


Water 

Protein 

Fat 

N-f. 

ext. 

Starch 

Pento¬ 

sans' 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

% 

Rough  rice . 

9.88 

69  67 

2.14 

Polished  rice . .  . 

6.56 

77.55 

Bran  (no  hulls 

or  grit) . 

8.57 

13.41 

14.30 

46.48 

18.80 

9.51 

8.73 

Bran  (16  per 

cent  hulls,  28 

t 

per  cent  grit). 

9.84 

9.88 

9.91 

44.26 

25.42 

8.95 

14.76 

11.55 

Polish  (22  pei 

cent  grits) . . . 

11.83 

11.06 

5.92 

63.97 

54.82 

3.46 

3.76 

3.46 

Polish  * . 

10.79 

8.53 

6.95 

69. 14 

1  80 

2  9.'i 

Hulls . 

8.97 

3.50 

0.49 

27.86 

17  24 

41  89 

18  29 

Straw . 

10.84 

3.31 

0.59 

38.31 

15.84 

32.91 

1  O  • 

14.04 

*  Hulls  and  grit  not  determined. 

t 


Average  Composition  of  Rice  and  Products  (Wise  and  Broomell) 


Samples 

Water 

Protein 

Fat 

Pento¬ 

sans 

Fiber 

Ash 

Honduras  type: 

Rough  rice . 

4 

% 

11.27 

% 

7.48 

% 

1.58 

% 

5.90 

% 

8.67 

% 

5.40 

Brown  rice  * . 

4 

12.32 

8.57 

1.79 

2.42 

0.99 

1.18 

Fancy  head . 

4 

12.13 

8.19 

0.23 

1.75 

0.27 

0.34 

Second  head  . 

4 

11.96 

7.87 

0.27 

1.67 

0.29 

0.37 

Screenings . 

4 

12.75 

7.69 

0.34 

1.80 

0.28 

0.47 

Brewer’s  rice . 

4 

12.26 

7.81 

0.33 

1.81 

0.37 

0.62 

Hulls  . 

2 

6.62 

2.56 

0.50 

18.17 

35.99 

18.70 

Bran . 

2 

9.61 

13.41 

10.65 

9.95 

11.70 

10.58 

Polish . 

2 

8.27 

12.81 

10.83 

4.41 

3.28 

6.36 

Japan  type: 

Rmirrh  rire . 

3 

11.05 

6.50 

1.74 

5.48 

7.93 

5.14 

T-trnwn  rire . 

3 

12.38 

7.24 

1.52 

2.28 

0.85 

1.13 

Head . 

3 

12.72 

6.29 

0.16 

1.70 

0.29 

0.37 

.^prppn  i  np'.s . 

3 

12.85 

6.54 

0.23 

1.72 

0.31 

0.45 

T-lrpwpr^s  ripp . 

3 

12.53 

6.62 

0.24 

1.64 

0.31 

0.41 

Hulls  . 

1 

6.12 

2.69 

0.86 

18.14 

36.08 

20.10 

Itrari  . '..... 

1 

9.39 

12.81 

15.13 

11.40 

12.54 

11.33 

Polish  . 

2 

8.70 

11.40 

8.79 

3.75 

2.01 

5.31 

*  From  paddy  machine. 
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entGr  commerce  are  included.  Others  not  in  the  table  are  the  rice  from 
the  hullers  (a  misnomer),  from  the  pearling  cone,  from  the  brush,  and 
from  the  trumbles — all  representing  stages  in  the  removal  of  and  separa¬ 
tion  from  the  bran,  the  hulls  having  been  previously  broken  away  by  the 
hulling  stone  and  removed  by  the  fans.  The  paddy  machine  is  used  to 
separate  the  hulled  from  the  unhulled  grain.  The  rice  that  comes  from 
the  paddy  machine  is  brown  rice,  now  sold  to  some  extent  as  a  health 
food.  Some  of  the  samples  of  finished  rice  examined  were  coated  with 
glucose  and  talc  to  improve  their  appearance,  but  the  amount  used 
(about  1  part  of  talc  and  2  parts  of  glucose  per  thousand  parts  of  rice)  is 
not  sufficient  to  alter  appreciably  the  percentages  of  the  constituents 
determined. 

In  the  comprehensive  investigation  carried  out  by  Traps  ^  in  cooper¬ 
ation  with  Texas  mills  the  usual  proximate  constituents,  the  sugars  and 
pentosans,  and  the  more  important  ash  constituents  were  determined  in 
the  various  finished  products  and  by-products  as  well  as  in  the  rice  after 
each  stage  in  the  process  of  hulling  and  polishing.  The  average  yield  of 
products  and  by-products  per  bag  of  rough  rice  (paddy),  weighing  about 
162  lb.  (73.5  kg.),  for  the  three  commonest  types  of  rice  grown  in  Texas 
follows. 


Hulls 

Bran 

Polish 

Fancy 

rice 

Second 

rice 

Screen¬ 

ings 

rice 

Brewers’ 

rice 

Loss 

and 

dirt 

Japan . 

29 

14 

5 

95 

5 

9 

5 

5 

Honduras . 

34 

15 

5 

60 

19 

18 

7 

5 

Blue  Rose . 

29 

13 

4 

93 

5 

9 

4 

5 

Brown  rice  is  not  included  in  the  foregoing  statement  since  at  present 
it  is  placed  on  the  market  in  relatively  small  amount. 

In  the  following  table  is  given  a  summary  of  analyses  of  the  finished 
rice  as  well  as  of  the  offals  used  for  cattle  food. 

Borasio  2  gives  analyses  of  14  samples  of  polished  rice  from  various 
sources,  of  8  samples  of  rough  rice  from  Anatolia,  and  of  5  samples  of 
genma,  consisting  mostly  of  germ,  which  are  summarized  below 

anH  During  Ripening.-Results  by  Tadokoro 

and  Abe  are  highly  instructive.  The  ratio  of  pure  protein  to  other 

1  Texas  Agr.  Exp.  Sta.  1916,  Bui.  191. 

*  Giorn.  risicolt.  1929,  19,  131-  1930  20  7i  nu  *i 

3  T  T?  A  TT  ,  ,  . ,  ’  lyou,  zu,  /i,  88;  Chem.  Abs.  24.  1677 

J.  Fac.  Agr.  Hokkaido  Imp.  Univ.  1930,  27,  349.  ’ 
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Composition  of  Rice  and  Its  By-products  (Fraps) 


Samples 

Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

Sand  * 

Products  . 

Rough  rice: 

Min . 

y 

% 

9.04 

13.59 

% 

7.23 

8.95 

8.09 

% 

1.39 

2.07 

1  80 

% 

00.95 

00.41 

64.52 

71.39 

70.74 

% 

0.99 

10.10 

8.89 

0.78 

1.51 

1  08 

% 

4 . 30 
6.42 
6.02 

0.95 

1.54 

1.10 

0.30 

% 

A  OA 

M  a.\ . 

4.24 

4.24 

0.05 

0.28 

0.10 

0.06 

Aver . 

11.68 

Brown  rice: 

Min . 

10 

10.55 

7.90 

1.41 

Max . 

14.41 

10.05 

2 . 50 

Aver . 

12.16 

9.13 

2.00 

74.63 

Head  (fancy)  rice: 

Min . 

8  % 

11.91 

0.00 

0.25 

75.11 

0.35 

Max . 

13.84 

10.04 

0.98 

79 . 85 

0.48 

0.94 

0. 13 

Aver . 

12.67 

9.01 

0.50 

77.02 

0.40 

0.60 

0.09 

Second  head  rice: 

Min . 

9 

• 

11.15 

0.50 

t 

0.19 

75.22 

« 

0.37 

0.29 

0.04 

Max . 

14.14 

9 .  ()9 

0.58 

80.09 

0.00 

1.40 

0.16 

Aver . 

12.41 

8.71 

0.43 

77.37 

0.43 

0.65 

0.08 

Screenings  rice: 

^lin . 

8 

7.05 

0.77 

0.44 

70.75 

0.28 

0.33 

0.02 

\t  ar . 

12.78 

9.00 

0.81 

82.40 

0.65 

1.19 

0.06 

Aver . 

11.39 

8.35 

0.64 

78.68 

0.41 

0.63 

0.04 

Brewers’  rice: 

Min  . 

9 

0.85 

7.59 

0.31 

74.84 

0.42 

0.38 

0.10 

. 

14.05 

9.85 

2.08 

81.01 

0.73 

1.11 

0.18 

A  ypr . 

11.78 

8.88 

0.95 

77.14 

0.66 

0.69 

0.13 

By-products 

Rough  rice  screenings: 

\t  in  , . 

7 

8.47 

7.72 

1.53 

40.17 

2.67 

2.89 

3.98 

12.17 

13.04 

7.49 

03.37 

12.55 

33.36 

29.09 

10.27 

9.65 

3.02 

64.38 

'6.97 

16.81 

16.59 

Stone  bran: 

22 

0.79 

7.40 

4.28 

29 . 03 

14.09 

9.74 

6.63 

11.04 

11.78 

11.55 

47.97 

25.94 

20.99 

17.97 

9.69 

9.77 

7.66 

36.73 

20.92 

15.23 

12.06 

Huller  bran: 

2:i 

7.22 

12.20 

9.05 

37.80 

4.14 

5.17 

0.60 

12.28 

17.35 

20.80 

50.35 

11.02 

9.43 

3.68 

9.84 

14.97 

16.89 

42.98 

7.90 

7.42 

1.41 

Cone  bran: 

8 

8.54 

12.50 

11.78 

38.35 

2.50 

5.39 

0.39 

11.50 

10.52 

20.32 

55.94 

8.79 

8.61 

1.77 

9.77 

16.39 

16.97 

46.13 

6.66 

7.08 

0.88 

Rice  hulls: 

14 

0.11 

1.78 

0.54 

24.50 

31.43 

14.83 

13.69 

10.95 

5.00 

1.98 

36.83 

46.37 

22.00 

20.84 

8.49 

3.66 

0.93 

29.38 

39.05 

18.59 

17.62 

Rice  polish: 

10 

8.40 

11.13 

5.02 

59.43 

1.52 

2.41 

10.70 

14.45 

12.95 

07.28 

2.79 

5 . 57 

9  91 

12.88 

9.07 

61.81 

2.12 

4.21 

_ ■  - _ 

_ 

: 

*  Not  determined  in  all  samples. 
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Composition  of  Rice  and  Gemma  (Borasio) 


Water 

Protein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

Sand 

% 

% 

% 

o/ 

/o 

/o 

/o 

% 

Polished  rice: 

Min . 

10.80 

6.00 

0.24 

76.19 

0.35 

0.40 

Max . 

13.70 

8.39 

1.88 

81.35 

1.35 

1.20 

Turkish  rough  rice: 

Min . 

9.95 

6.45 

1.99 

63.84 

9.86 

5.20 

Max . 

10.50 

7.90 

2.35 

65.93 

10.12 

5.80 

Gemma  (germ): 

Min . 

10.50 

10.50 

10.70 

52.50 

3.30 

7.40 

3.70 

Max . 

12.30 

11.80 

13.40 

55.80 

3.90 

8.00 

4.10 

nitrogenous  constituents  showed  a  steady  increase,  but  the  total  nitrogen 
remained  nearly  constant.  The  globulin  and  prolamine  increased,  the 
water-soluble  protein  decreased,  and  the  glutelin  fluctuated.  These 
changes  are  the  reverse  of  those  that  take  place  during  germination. 
Of  the  products  of  hydrolysis  of  oryzenin,  the  amino  compounds  decreased, 
which,  together  with  other  changes,  indicated  that  this  protein  reached 
its  highest  degree  of  condensation  shortly  before  full  ripeness,  at  which 
time  also  the  maximum  of  glucose-forming  carbohydrates  was  reached. 
The  ash  and  phosphorus  content  of  the  starch  gradually  decreased  while 
the  saponification  number  of  the  fat  increased. 

Water.  M.  Kondo  and  Okamura  ^  after  extensive  comparative 
studies  conclude  that  (1)  the  kernels  of  rough  rice  are  as  hygroscopic  as 
those  of  hulled  rice,  notwithstanding  the  low  hygroscopicity  of  the  hulls 
(2)  rough  rice  dries  more  readily  than  hulled,  (3)  rough  rice  dries  more 
uniformly  than  hulled,  hence  the  kernel  is  not  so  brittle  although  less 
resistant  to  crushing,  (4)  when  the  kernels  of  rough  rice  contained  9.7 

conditions  contained 

0.3  to  hO  per  cent  more,  the  hulls  from  the  latter,  however,  contained 
1.4  to  2.9  per  cent  less  than  those  from  the  rough  rice. 

CT  investigators  ^  showed  that  brown-colored  rough  rice 

blooming  plants  are  set  out  during  a  rain 
and  that  green  kernels  (Aomai)  are  due  either  to  incomplete  ripening 
or  drying  in  the  shade  or  under  cloudy  skies,  further  that  transverse 
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cracks  (Doware)  of  the  hulled  kernels  are  due  to  absorption  of  water 
after  drying,  hence  it  is  important  to  store  the  rice  in  air-tight  containers. 
They  further  show  ^  that  in  order  to  preserve  the  germinating  power 
hulled  rice  should  be  dried  to  10  to  12  per  cent  of  water  and  kept  below 
30°  C.  in  air-tight  containers. 

Proteins.  Onyzenin. — While  searching  for  the  cause  of  beri-beri, 
Rosenheim  and  Kajiura  ^  undertook  an  investigation,  only  the  prelim¬ 
inary  announcement  of  which  appears  to  have  been  published,  although 
others  have  continued  the  work.  They  state  that  the  bulk  of  the  pro¬ 
tein  consists  of  oryzenin,  which,  being  a  glutelin,  is  insoluble  in  water, 
salt  solution,  and  alcohol  but  dissolves  in  0.2  per  cent  potassium  hydrox¬ 
ide.  Only  traces  of  alcohol-soluble  protein  and  small  amounts  of 
albumin  and  globulin  are  present. 

By  reducing  the  strength  of  the  solvent  solutions,  Kondo  and  Hay- 
ashi^  diminished  the  alteration  of  the  proteins  during  the  process  of 
preparation.  •  They  also  detennined  that  the  optimum  for  flocculation 
of  the  glutelin  from  the  alkali  solution  is  near  the  point  of  absolute 
neutrality. 

Jones  and  Csonka"*  prepared  the  glutelin  of  polished  rice  by  precip¬ 
itation  from  the  0.2  per  cent  sodium  hydroxide  extract  with  ammonium 
sulphate  added  to  3  per  cent  saturation.  Thus  prepared  it  has  an  iso¬ 
electric  point  (pH)  of  6.45.  Csonka,  Horn,  and  Jones ^  give  —65.1° 
as  the  specific  rotation  at  20°. 

Prolamines  are  present  in  small  amount,  if  at  all,  in  the  inner  endo¬ 
sperm.  Suzuki,  Yoshimura,  and  Fugi  ®  found  only  0.11  per  cent  of 
nitrogen  soluble  in  60  per  cent  alcohol,  although  in  the  bran  they  found 
1.16  per  cent. 

Globulins— Yoshimura,  and  Fugi  ^  have  reported  in  white 
rice  and  rice  bran  0.17  and  1.37  per  cent,  respectively,  of  nitrogen  soluble 
in  10  per  cent  salt  solution. 

Globulins  coagulating  at  74°  and  90°,  respectively,  have  been 
separated  by  Jones  and  Gersdorff®  from  the  brine  extract  of  polished 

rice. 

By  Sorensen’s  method,  K.  Kondo  and  Ito^  isolated  two  globulins,  one 

^  Ibid.  p.  315. 

*  J.  Physiol.  1908,  36,  LIV,  LV. 

«  Mem.  Col.  Agr.  Kyoto  Imp.  Univ.  1926,  p.  37. 

<  J.  Biol.  Chem.  1927,  74,  427. 

Ibid.  1930,  89,  267. 

« J.  Col.  Agr.  Imp.  Univ.  Tokyo  1909,  1,  77. 

^  Loc.  cit. 

8  J.  Biol.  Chem.  1927,  74,  415. 

9  J.  Chem.  Soc.  Japan  1930,  61,  67. 
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amorphous,  the  other  crystalline,  the  former  being  much  higher  in 
diamino  nitrogen,  particularly  in  the  form  of  cystine,  histidine,  and 


Ultimate  Composition— knaXyses  of  the  two  globulins  of  Jones  and 
Gersdorff,  the  glutelin  (oryzenin)  of  Jones  and  Csonka,  and  the  globu  in 
and  glutelin  of  Ito,  Watanabe,  and  Kitahara^  follow: 


Carbon ... 
Hydrogen . 
Nitrogen.  , 
Sulphur . . , 

Ash . . 

pH . 


Globulin 

(74°) 

(J.  and  G.) 

Globulin 

(90°) 

(J.  and  G.) 

Glutelin 
(J.  and  C.) 

Globulin 
(I.  et  al.) 

Glutelin 
(I.  et  al.) 

% 

52.83 

6.77 

16.31 

0.98 

0.29 

% 

49.15 

7.86 

17.94 

1.45 

1.64 

% 

52.58 

6.42 

17.57 

1.65 

0.38 

% 

50.8  -52.5 
7.0  -  7.6 
16.5  -17.3 
0.44-  1.15 

5.5  -  4.6 

% 

50.6  -53.3 
7.0  -  7.7 
16.5  -17.3 
0.53-  0.64 
0.31-  0.79 
6.2  -  5.0 

Amino  Acids  of  Rice  Proteins. — Suzuki,  Yoshimura,  and  Fugi  ^  in 
their  studies  of  the  solubility  of  the  nitrogen  of  white  rice  and  rice  bran, 
found  that  0.2  per  cent  sodium  hydroxide  dissolved  0.85  and  1.51  per 
cent,  respectively.  The  glutelin  obtained  by  Ritthausen’s  method,  on 
hydrolysis,  yielded:  alanine  3.7,  leucine  14.3,  aspartic  acid  0.4,  glu¬ 
tamic  acid  14.5,  tyrosine  0.5,  phenylalanine  2.0,  proline  3.3,  arginine 
1.6,  lysine  0.86,  histidine  0.81,  and  ammonia  2.33  per  cent.  In  rice  bran 
the  following  results  were  obtained:  leucine  8.6,  glutamic  acid  4.7,  tyro¬ 
sine  0.3,  arginine  3.4,  histidine  0.88,  and  ammonia  1.13  per  cent.  Sev¬ 
eral  of  these  results  are  lower  than  found  by  later  investigators. 

Kaiiura,^  reporting  further  on  the  unfinished  work  of  Rosenheim 
and  Kajiura,  states  that  the  amino  acids  of  oryzenin  differ  materially 
from  those  of  wheat  glutenin. 

Osborne,  Van  Slyke,  Leavenworth,  and  Vinograd  ^  obtained  from 
oryzenin  relatively  large  amounts  of  basic  amino  acids  as  follows:  cys¬ 
tine  1.26,  arginine  9.15,  lysine  4.26,  and  histidine  3.32  per  cent. 

Determination  of  some  of  the  amino  acids,  made  by  Jones  and  co¬ 
workers  ^  in  the  globulins  and  glutelin  gave  the  following  results : 

1  Gifu  Imp.  Col.  Agr.  (Japan)  1930,  Bui.  13. 

*  Loc.  cit. 

®  Bio.-Chem.  J.  1912,  6,  71. 

'  J.  Biol.  Chem.  1915,  22,  259. 

^  Loc.  cit. 
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- 

Cdobulin 
coagulating 
at  74° 

Globulin 
coagulating 
at  90° 

Glutelin 

(oryzenin) 

% 

.  % 

% 

Cystine . 

2.25 

2.89 

2.35 

Tyrosine . 

5.60 

7.53 

Tryptophane .  .  . 

2.69 

2.32 

Arginine . 

7.85 

15.18 

11.13 

Lvsine . 

7.14 

3.63 

4.73 

Histidine . 

2.42 

3.01 

2.39 

The  Nitrogen  Distribution  in  percentages  of  the  total  nitrogen,  as 
found  by  Osborne  et  ah,  corrected  for  solubility  of  the  bases,  follows: 


% 

Ilumin  N .  1.59 

Cystine  N .  0.88 

Arginine  N . '. .  17.69 

Lysine  N .  4.90 

Histidine  N .  5.39 

Amino  N  of  filtrate .  52.13 

Non-amino  N  of  filtrate .  5.28 

Amide  N .  11.33 


Total .  99.19 


Oryzanin,  which  must  not  be  confused  with  oryzenin,  is  the  crude 
material  isolated  from  rice  bran  by  Suzuki,  Shimamura,  and  Odake  ^ 
which  contains  a  substance  to  which  unpolished  rice  owes  its  antiscor¬ 
butic  properties.  The  complex  has  an  acid  reaction,  is  soluble  in  water 
and  dilute  alcohol,  and  gives  certain  protein  reactions.  It  is  prepared 
by  successive  digestions  of  defatted  rice  bran  with  alcohol,  precipitation 
after  dealcoholizing  and  acidifying  the  extract  with  phosphotungstic 
acid,  decomposition  of  the  precipitate  with  barium  hydroxide,  removal 
of  the  barium  from  the  solution,  and  evaporation.  Ihis  extract,  which 
contains  also  nicotinic  acid,  is  further  purified.  Hydrolysis  with  acid 
yields  choline,  glucose,  and  two  acids,  Ci()H8N()4  and  CisHiGN2()y. 
Although  the  pure  substance  was  not  isolated,  the  work  is  of  great  interest 
because  it  was  along  the  same  line  as  that  carried  out  at  about  the  same 
time  by  Funk,  thus  marking  the  beginning  of  the  study  of  the  vitamins. 

Protein  of  Glutinous  and  N on-Glutinous  Analogous  to  other 

cereals,  rice  kernels  differ  in  their  relative  amounts  of  horny  and  starchy 

1  Biochem.  Z.  1912,  43,  89. 
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endosperm.  A  comparison  of  results  by  Kinsuke  Kondo  ^  on  the  nitro¬ 
gen  of  glutinous  and  non-glutinous  Yettsu  rice  extracted  by  the  usual 
solvents  for  the  individual  proteins,  follows: 


Glutinous 

Non- 

glutinous 

Nitrogen  soluble  in: 

% 

% 

Water  . 

0.1156 

0.0646 

70  per  cent  alcohol . 

0.0442 

0.0288 

10  per  cent  salt  solution . 

0.1292 

0.0976 

0.2  per  cent  sodium  hydroxide  solution . 

0.6596 

0.3366 

0.2  per  cent  sodium  hydroxide  solution  (2nd  extract) ,  .  . 

0.1496 

0.1445 

1 . 0982 

0.6721 

Total  nitrogen . 

1 . 2240 

1 . 0564 

Ultimate  analyses  of  the  0.2  per  cent  sodium  hydroxide  fractions  of 
the  glutinous  and  non-glutinous  samples  gave,  respectively:  carbon 
57.09  and  50.82,  hydrogen  9.96  and  8.68';  nitrogen  16.97  and  17.75,  sul¬ 
phur  0.87  and  1.16,  and  oxygen  15.11  and  21.59  per  cent. 

The  authors  named  also  studied  the  refraction  of  the  proteins  of  both 
kinds  of  rice  and  give  a  formula  for  its  calculation,  employing  constants 
for  both  kinds  of  rice. 


Extensive  studies  by  Tadokoro,  Nakamura,  and  Watanabe  ^  led  to 
the  conclusion  that  oryzenin  is  present  in  glutinous  rice  in  larger  amount 
than  in  common  rice.  They  further  showed  that  the  oryzenin  prepared 
from  glutinous  varieties  contains  more  COOH  groups  and  fewer  NH2 
groups  than  that  from  non-glutinous  varieties.  They  also  found  that 
the  oryzenin  of  glutinous  rice  contains  more  mono-amino  nitrogen  but 
less  amide,  arginine,  lysine,  and  free  amino  nitrogen  than  that  of  non- 

glutinous  rice.  Both  forms  have  the  same  content  of  tyrosine  and  tryp¬ 
tophane. 

Nitrogen  Didribulion  in  Polished  ftice.-Kurosawa  found  the  fol¬ 
lowing  distribution  of  nitrogen  in  polished  rice;  arginine  nitrogen  10.89 
histidine  nitrogen  8,89,  and  cystine  nitrogen  2.67,  the  results  being  in 
percentages  of  the  total  nitrogen.  He  further  found  cystine  0  87 
tyrosine  3.51,  and  tryptophane  0.88  per  cent,  calculated  to  the 


^  J.  Chem.  Soc.  Japan  1921,  42,  828. 

®  J.  Col.  Agr.  Hokkaido  Imp.  Univ.  1925,  14,  129 
3  J.  Tokyo  Chem.  Soc.  1919,  40,  551 
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Free  Amino  Acids,  Acid  Amides,  and  Polypeptides. — In  comparing 
the  nitrogenous  constituents  of  rice  with  those  of  other  cereals,  Jodidi  ^ 
determined  the  protein  and  non-protein  nitrogen  and  forms  of  non¬ 
protein  nitrogen.  Results  are  also  given  in  the  original  publication  on 
nitrogen  of  the  phosphotungstic  acid  precipitate  and  of  the  humin 
precipitate  that  separated  in  the  %determination  of  acid  amide 
nitrogen. 


Distribution  of  Non-protein  Nitrogen  in  Rice  (Jodidi) 
(Percentage  in  total  nitrogen) 


Protein 

N 

Non-protcir. 

N 

Amino  acid 
N 

1 

Acid  amide 
N 

Peptide 

N 

% 

% 

% 

% 

% 

Wataribune . 

95.33 

5.02 

0.72* 

0.14* 

0.82* 

Blue  rose . 

95.92 

4.00 

1.38* 

0.16* 

1.64* 

Honduras. . . 

97.12 

4.02 

0.98 

0.24* 

1.07* 

*  Hot  water  extraction. 


Fat. — Rice  oil  is  obtained  from  the  bran  and  “  polish  ”  removed  in 
the  preparation  of  polished  rice.  The  oil,  as  well  as  the  offal  from  which 
it  is  obtained*  rapidly  increases  in  acidity  unless  specially  treated. 
Browne  ^  has  shown  that  this  deterioration  is  due  to  the  action  of  an 
enzyme,  lipase,  on  the  fat.  In  some  cases  he  noted  that  the  rice  oil 
contained  nearly  90  per  cent  of  free  acid  amounting  to  8  to  12  per  cent 
in  the  feeds. 

By  heating  at  2C0°  F.,  the  enzyme  is  destroyed.  Cil  from  a  sample  of 
fresh  bran  six  hours  after  milling  contained  12.5  per  cent  of  free  fatty 
acids.  Oil  from  the  same  bran  heated  and  unheated,  after  standing  one 
month,  contained,  respectively,  24.0  and  62.2  per  cent  of  free  fatty 
acids.  As  further  evidence  Browne  ^  added  a  cold  water  solution  of  rice 
bran  to  neutral  castor  oil.  In  one  week  the  free  fatty  acids  of  the  oil 
had  reached  16  per  cent. 

Physical  and  Chemical  Values— In  the  following  table  are  compiled 
the  results  obtained  on  rice  oil  by  Browne,^  Tsujimoto,®  Garelli,® 

■  .J.  Agr.  Ues.  1927,  34,  309. 

2  Loc,  cit. 

3  J.  Am.  Chem,  Soc.  1903,  26,  948. 

*  Loc.  cit. 

5  Chem.  Rev.  Fett-Harz-Ind.  1911,  18,  111. 

*  Ann.  chim.  appl.  1917,  8,  109. 
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Takahashi,!  and  Jamieson, 2  and  in  rice  bran  oil  by  De’Conno  and 
Finelli:^ 


Values  of  Rice  Oil 


• 

Sp.  gr. 
15.5°  C. 

Ref. 
index 
20°  C. 

Melt. 

point 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Reich. - 
Meissl 
No. 

Hehner 

No. 

Acid 

No. 

Unsap. 

matter 

°  C. 

% 

Rice  oil: 

Browne . 

0.8907 

24 

193.5 

91.6 

1.1 

* 

166.2 

Trii  ji  moto . 

0.9273 

1.4742 

184.9 

107.6 

t 

34.7 

4.8 

Garelli: 

Extracted .  .  . 

25-26 

183.0 

99.7 

95.2 

90  0 

3  2 

Expressed .  .  . 

0.918 

179.4 

94.3 

13  8 

0  7 

Expressed.  .  . 

0.913 

189.7 

95.0 

101  5 

0.9 

Takahashi: 

North  Japan. 

0.9236 

1.4704 

189.9 

105.8 

0.6 

96.6 

122.2 

3.7 

South  Japan . 

0.9254 

183  8 

104  7 

0  7 

96  0 

14  4 

4  0 

Korea . 

0.9276 

1.4713 

183  5 

108  6 

1  2 

92  1 

11  Q 

4  9 

Formosa.  .  .  . 

0.9208 

-5 

192.2 

103.1 

1.7 

94.1 

81.3 

3.9 

Jamieson . 

185  3 

99.9 

73.7 

4.6 

Rice  bran  oil: 

De’C.  and  F.  .  . 

24-25 

189.1 

100.8 

. 

101.2 

1.4 

*  Mean  molecular  weight  of  insoluble  acids  289.3,  melting  point  36°. 

t  Mean  molecular  weight  of  insoluble  acids  259.4,  melting  point  58.5°,  saponification  number 


From  the  foregoing  figures  it  is  evident  that  the  oil  obtained  by 
Browne,  aside  from  acidity,  was  somewhat  different  from  that  examined 
by  the  Japanese  chemists,  especially  as  regards  melting  point  and  iodine 
number.  Garelli’s  and  Jamieson’s  results  are  between  the  two  extremes. 
The  explanation  doubtless  lies  in  differences  in  the  bran  or  polish 
extracted  and  perhaps  to  some  extent  in  the  kind  of  solvent. 

Tsujimoto  reported  the  following  additional  results  on  the  total  fattv 
acids:  specific  gravity  at  100°  C.  0.8528,  melting  point  30.5°,  saponifica¬ 
tion  number  182.73,  and  iodine  number  (Wijs)  109.47. 

Fatly  Acids  of  Rice  Oil.~The  calculations  of  Tsujimoto,  Takahashi 
and  Jamieson,  as  given  in  the  following  table,  show  reasonable  agreed 

perLwTs  orthe  faff  The  figures  represent 

Jamieson’s  anql  ^  the  total  fatty  acids,  except  in  the  case  of 

Jamieson  s  analyses  where  they  represent  percentages  of  the  glycerides 


^  J.  Tokyo  Chem.  Soc.  1919,  40,  191. 
2  J.  Oil  &  Fat  Ind.  1926,  3,  256.’ 

®  Ann.  chim.  appl.  1930,  20,  26. 
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Fatty  Acids  of  Rice  Oil 


Lignoceric 

Behenic 

Araciiidic 

Stearic 

Palmitic 

Myristic 

Oleic 

Linolic 

% 

% 

% 

% 

% 

% 

% 

% 

Tsujiinoto . 

20.0 

45.0 

Takahashi: 

00. 0  * 

North  Japan. . . 

•  •••••• 

+ 

+ 

+ 

+ 

+ 

47.2 

31.5 

South  Japan. . . 

•  •••••• 

0.5 

3.8 

+ 

18.9 

+ 

46.1 

31.5 

Korea . 

0.6 

3.5 

+ 

18.8 

+ 

42.6 

34.8 

Formosa . 

0.6 

4.3 

+ 

20.0 

+ 

45.0 

30.0 

Jamieson . 

0.4t 

0.5t 

1.8t 

12. 3t 

0.3t 

41. Of 

36. 7t 

*  “  Isolinolein.” 
t  Calculated  as  glyceride. 


The  oil  examined  by  Jamieson  contained  14.7  per  cent  of  saturated 
and  74.3  per  cent  of  unsaturated  acids  and  had  an  acid  value  of  73.7.  ■ 

Weinhagen  ^  states  that  rice  bran  contains  10.94  per  cent  of  fat,  73 
per  cent  of  which  is  liquid  and  27  per  cent  solid.  The  liquid  portion  1 
consists  of  91  per  cent  of  fatty  acids  (59  per  cent  oleic  and  31.8  per  cent  j 
palmitic  acid)  and  5.3  per  cent  of  phytosterol;  the  solid  fat  consists  of  i 
90.6  per  cent  of  fatty  acids  (practically  all  palmitic  acid)  and  4.7  per  • 
cent  of  phytosterol.  He  appears  to  have  overlooked  linolin  and  the  less  J 
abundant  glycerides. 

Hari  ^  states  that  the  fat  of  the  rice  embryo  is  essentially  the  same  as  j 
Jhat  of  the  polish,  consisting  chiefly  of  the  glycerides  of  oleic,  linolic, 
and  palmitic  acids.  I 

Phytosterol. — Tsujimoto^  by  recrystallizing  several  times  obtained  I 
from  the  unsaponifiable  matter  crystals  of  “  phytosterol  ”  melting  at  j 

136  to  137°  C.  ! 

Takahashi  ‘‘  found  that  only  30  per  cent  of  the  unsaponifiable  matter  j 

is  crystallizable.  i 

Weinhagen^  states  that  a  saturated  hydrocarbon,  C27H18,  may  be  ' 

separated  from  the  phytosterol  by  fractional  crystallization  from 

alcohol.  I 

Nabenhauer  and  Anderson®  extracted  from  rice  bran  with  ether  about  ^ 

10  per  cent  of  oil  consisting  largely  of  fatty  acids.  The  unsaponifiable  j 

matter  amounting  to  about  5  per  cent  of  the  oil  consisted  chiefly  of  a  . 

viscous  oil  which  on  distillation  yielded  a  yellowish  to  light  brown  oil,  the 

*  Z.  physiol.  Chem.  1917,  100,  159.  ) 

*  Acta  ScholsD  Medicinalis  1925,  7,  515. 

3  Loc.  cit. 

*  Ivoc.  cit. 

®  Ivoc.  cit. 

« J.  Am.  Chem.  Soc.  1926,  48,  2972. 
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higher  fractions  containing  phytosterol.  In  the  crystalline  portion  they 
found  myricyl  alcohol,  dihydrositosterol,  stigmasterol,  and  phytosterol 
which  is  not  probably  homogeneous  sitosterol. 

Carbohydrates.  Sugars. — According  to  analyses  by  Fraps,^  both 
reducing  sugars  and  disaccharides  occur  in  considerable  amount  in  the 
bran  and  polish  but  in  very  small  amount  in  the  finished  rice.  Even  the 
hulls  contain  more  than  the  latter.  Average  results  appear  in  the  fol¬ 
lowing  table : 

Sugars  and  Pentosans  in  Rice  and  By-products  (Fraps) 


Reducing 

sugar 

Disacchorose 

sugar 

Pentosans 

% 

% 

% 

Products: 

Brown  rice . 

0.12 

0.79 

2.12 

Fancy  head  rice . 

0.14 

0.17 

1.75 

Second  head  rice . 

0.10 

0.23 

1.86 

Screenings  rice . 

0.05 

0.30 

1.75 

Brewers’  rice . 

0.17 

0.24 

A  71 

By-products: 

Stone  bran . 

0.78 

1.15 

13.87 

Huller  bran . 

1.20 

4.51 

7.76 

Cone  meal . 

1.55 

2.15 

5.81 

Hulls . 

0.24 

0.43 

18.14 

Polish . 

1.27 

2.26 

3.47 

Starch.— Tanaks,  -  has  sought  an  explanation  for  the  reddish  colora¬ 
tion  produced  in  the  starch  of  glutinous  rice  by  iodine  solution.  He 
found  that  this  starch  does  not  contain  Nageli’s  amylodextrin  or  ery- 
throdextrin  or  special  proteins  to  which  some  have  attributed  the  phe¬ 
nomenon.  It  IS  his  belief  that  the  reaction  is  a  characteristic  of  the  starch 
itself,  which  is  capable  of  dissolving  only  a  minute  amount  of  iodine 
and  that  no  common  starch,  colored  blue  with  iodine,  is  present  in  glu- 
tinous  rjce  He  further  showed  that  the  starch  of  glutinous  rice  is 
rapidly  hydrolyzed  by  diastase  to  dextrin  with  the  formation  of  less 
maltose  than  obtained  from  potato  or  common  rice  starch.  This  differ¬ 
ence  IS  explained  by  the  presence  of  a  greater  amount  of  a.mylopectin  or 
an  analogous  substance  which  produces  a  dextrin  more  slowly  hydrolyzed 
by  diastase  than  that  of  common  starch.  ^ 


^  Loc.  cit. 

2  J.  Ind.  Eng.  Chem.  1912,  4,  578. 
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Tanaka  further  states  “  that  the  starches  of  ‘  mochi-awa  ’  (glu¬ 
tinous  millet),  ‘  mochi-kibi  ’  (glutinous  variety  of  Panicum  miliaceum 
L.)  ‘  morokoshi  ’  (Andropogon  Sorghum  Brot.  var.  vulgaris  Hack.),  and 
‘  nien  kaoling  ’  (glutinous  variety  of  ‘  kaoling  ’)  are  also  colored  red  by 
iodine  solution.” 

Pentosans. — The  results  by  Browne  and  Chiquelin  given  in  a  fore¬ 
going  table  show  that  the  pentosans  occur  in  greater  amount  in  the 
polish  (3.46  per  cent)  and  bran  (8.95  per  cent)  than  in  the  rough  rice 
(2.14  per  cent)  and  in  still  greater  amounts  in  the  straw  (15.84  per  cent) 
and  hulls  (17.24  per  cent).  Similar  figures  are  given  by  Fraps  ^  in  the 
table  above. 

Methylpentosans,  according  to  Katayama,^  occur  in  all  rices  and  rice 
starches  up  to  nearly  1  per  cent.  Ordinary  rice  contains  more  than  glu¬ 
tinous  and  unpolished  more  than  polished  rice. 

Phosphorus-Organic  Compounds. — Bernardini  ^  gives  the  distribu¬ 
tion  of  the  phosphorus  in  rice  embryo  and  the  whole  seed,  respectively, 
as  follows:  as  lecithin  0.04  and  0.003,  as  lecithide  (combined  lecithin?) 
20.2  and  0.018,  as  phytin  5.14  and  0.436,  as  nuclein  0.76  and  0.502,  and 
as  inorganic  salt  0.04  and  trace;  total  6.20  and  0.959  per  cent. 

Borasio,-*  in  the  product  known  as  “  Gemma,”  consisting  mostly  of 
germ,  reports  2.40  per  cent  of  phosphorus,  of  which  1.70  was  from  phytin 
and  0.003  from  lecithin. 

From  polished  rice  Iwata^  isolated  a  toxic  substance,  lysolecithin, 
(C24H50NPO7)  which  melts  in  a  sealed  tube  at  262  to  264°  C.  with  de¬ 
composition  and  is  levorotatory.  On  hydrolysis  it  yields  palmitic  and 

glycero-phosphoric  acids  and  choline. 

Phytin.— ^WLXiki,  Yoshimura,  and  Takaishi  ^  proved  that  rice  bran 
contains  8  per  cent  of  phytin  and  that  a  ferment  in  rice  bran  splits  this 
up  into  inosite  and  phosphoric  acid  (see  Wheat).  Bernardini  and  also 
Borasio,  as  noted  above,  found  that  the  greliter  part  of  the  phosphorus 

exists  as  phytin.  ,  1  •  a 

Thompson  ^  found  that  samples  of  unpolished  rice,  polished  rice,  and 

rice  bran  contained,  respectively,  0.321,  0.14,  and  2.291  per  cent  of 
phosphorus.  By  extraction  with  0.02  per  cent  hydrochloric  acid  and 
precipitation  with  alcohol,  rice  bran  was  found  to  contain  8.22  per  cent 


1  Loc.  cit. 

2  J.  Chem.  Tnd.  Japan  1915,  18,  1364. 

3  Atti  accad.  Lincei  1911,  21,  283. 

^  Giorn.  risicolt.  1929,  19,  131. 

5  Proc.  Imp.  Acad.  (Japan)  1930,  6,  212. 

»  Bill.  Col.  Agr.  Tokyo  Imp.  Univ.  1907,  7,  503. 
^  J,  Agr.  Res.  1915,  3,  425. 
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of  phytin  whoroas  polished  rice  yielded  none.  Preparations  of  barium 
phytate  made  from  unpolished  rice  and  rice  bran  contained  less  barium 
and  phosphoric  acid  than  Anderson  found  to  correspond  with  tribarium- 
inosite  hexaphosphoric  acid.  Inosite  prepared  from  the  barium  phytate 
melted  at  223°  C.  (uncorrected)  and  gave  Scherer’s  reaction. 

Rather  ^  extracted  36  and  44  grams  of  crude  inosite  phosphoric  acid 
from  1250  grams  of  rice  bran  and  rice  polish,  respectively.  From  this 
he  prepared  the  strychnine  and  silver  salts.  Analyses  of  these  corre¬ 
spond  with  the  formula  for  inosite  pentaphosphoric  acid.  Determina¬ 
tions  by  Rather  of  the  phosphorus  existing  in  the  form  of  inosite  penta¬ 
phosphoric  acid  and  of  inorganic  combination,  expressed  as  percentage 
of  the  total  acid  soluble  phosphorus,  gave  respectively  as  follows:  rice 
bran  87  and  19  per  cent;  rice  polish  93  and  10  per  cent. 

Enzymes.  Protease. — Calculated  as  trypsin  at  the  optimum  tem¬ 
perature  of  30  to  40°  C.,  Giesen  ^  found  0.70  per  cent. 

Catalase. — Sampietro^  obtained  results  indicating  that  there  is  a 
relation  between  the  germinative  capacity  and  the  catalase  content. 
Borasio^  was  unable  to  find  any  such  relation,  although  he  states  that 
other  enzymes  may  influence  germination. 

Effects  of  Storage.~ln  experiments  by  Noguchi,^  rice  harvested  and 
stored  in  August  was  kept  in  storage  uptil  March,  then  examined  monthly 
until  mid-winter.  Amylase  suddenly  dropped  in  July,  then  remained 
about  constant;  lipase  gradually  decreased  until  August,  when  it  de¬ 
creased  more  rapidly;  catalase  gradually  decreased  throughout  the 
experiment;  oxidase  showed  little  change;  and  peroxidase  decreased 
abruptly  in  August,  then  remained  constant  until  Spring. 

Mineral  Constituents. — The  average  results  of  analyses  of  hulled 

rice  ash  as  given  by  Wolff  and  a  single  analysis  of  Japanese  rice  as 

obtained  by  Kellner  and  Nagaoko  ®  agree  quite  closely,  being  as  fol¬ 
lows: 


K2O 

NasO 

CaO. 

MgO 

FG2O3 

P2O6 

SO3 

Si02 

Cl 

Wolff . 

K.  and  N . 

% 

21.73 

22.47 

% 

5.50 

4.55 

% 

3.29 

2.93 

% 

11.20 
12.  oO 

% 

1.23 

1.63 

% 

53.68 

48.31 

■  % 
0.62 
0.23 

% 

2.74 

6.53 

% 

0.10 

0.91 

1  J.  Am.  Chem.  Soc.  1918,  40,  533. 

2  Inaug.  Dis.  Bern,  1909. 

^Giorn.  risicoltiira  1923,  13,  133. 

*  Ibid.  1924,  14,  143. 

®  J.  Sci.  Agr.  Soc.  Japan  1923,  246,  115. 

®  Col.  Agr.  Imp.  IJniv.  Tokyo,  1893,  Bui.  12. 
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•  Tu  f  principiil  ash  ingredients  in  rough  rice,  brown 

rice  the  different  grades  of  finished  rice,  and  the  by-products,  as  shown 

Ill  the  table  below.  The  deficiency  of  all  the  valuable  ash  constituents 
in  polished  rice  us  compared  with  brown  rice  and  the  bran  is  striking. 


Mineral  Constituents  of  Rice  and  By-puoducts  (Fhaps) 


KA) 

CaO 

MgOi 

P2O5 

Ash* 

Products: 

% 

% 

•% 

% 

% 

Rough  rice . 

0.25 

0  54 

Brown  rice . 

0.25 

0.09 

0.14 

0.63 

0,16 

Fancy  head  rice . 

0.07 

0.04 

0.06 

0.23 

0  09 

Second  head  rice.  .  .  . 

0.09 

0.05 

0.08 

0.27 

0.08 

Screenings  rice . 

0.05 

0.04 

0.05 

0.26 

0.04 

Brewers’  rice . 

0.16 

0.04 

0.09 

0.32 

0.13 

By-products: 

Hull  ashes . 

0.58 

0.57 

0.12 

0.57 

96.97 

Stone  bran . 

0.61 

0.16 

0.52 

1.39 

Huller  bran . 

1.42 

0.12 

1.21 

3.47 

Cone  meal . 

1.58 

0.09 

1.21 

3.19 

Hulls . 

0.24 

0.11 

0.09 

Polish . 

• 

0.66 

0.09 

0.62 

1 .73 

. 

*  Acid  insoluble. 


The  ash  of  rice  embryo,  as  analyzed  by  Bernardini,^  contained  in 
percentages  of  the  embryo:  potash  1.691,  soda  trace,  lime  0.279,  mag¬ 
nesia  1.389,  ferric  oxide  0.060,  manganic  oxide  trace,  and  silica  0.250. 
Silica  in  the  ash  of  unshelled  rice  may  reach  20  per  cent  or  more. 

Minor  Mineral  Constituents. — The  peculiar  conditions  under  which  rice  is  grown, 
such  as  on  submerged  ground,  may  influence  the  kind  and  amount  of  minor  constit¬ 
uents. 

Iron. — In  Sherman’s  compilation, ^  appear  results  of  determinations  of  iron  cal¬ 
culated  as  the  metal  in  3  samples:  polished  rice  6  (Sherman),  rice  from  Japan  9 
(Hiiusermann),  and  rice  for  feeding  animals  19  mg.  per  kilo  (Bunge).  Polished  rice 
13,  rice  polish  171  mg.  per  kilo,  dry  basis  (McHargue).‘‘ 

Aluminum. — White  rice  1.4  mg.  per  kilo,  dry  basis  (Bertrand  and  I/‘vy).® 

Manganese. — Polished  rice  10,  rice  polish  112  mg.  per  kilo,  dry  basis  (McHargue).^ 

1  Loc.  cit. 

2  Loc.  cit. 

3  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 

*  J.  Am.  Soc.  Agron.  1925,  17,  368. 

3  Compt.  rend.  1931,  192,  525. 
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Rice  7.8  and  8.3  mg.  per  kilo,  air-dry  basis  (Quartaroli).^  Rice,  5  varieties,  43  to 
61  mg.  per  kilo,  dry  basis  (Davidson). 2 

Copper. — Decorticated  rice  6.4  mg.  per  kilo  (Guerithault).^  Polished  rice  trace, 
rice  polish  8  mg.  per  kilo,  dry  basis  (McHargue).  Rice  1.32  and  1.66  mg.  per  kilo, 
air  dry  basis  (Quartaroli).^ 

Zmc.— Polished  rice  7.5,  rice  polish  76  mg.  per  kilo,  dry  basis  (McHargue). 
Unshelled  Japanese  rice  14.7  mg.  per  kilo,  air  dry  basis  fBirckner).'*  Polished 
rice  2.9,  rice  bran  33.3  mg.  per  kilo,  dry  basis  (Bertrand  and  Benzon).^ 

Arsenic. — Rice  kernel  0.07  mg.  per  kilo  (Jadin  and  Astruc).® 


WILD  RICE 


Zizania  aquatica  L. 
Ger.  Tuscarorareis. 


This  lordly  species,  known  also  as  Indian,  water,  or  black  rice  and 
water  oats,  grows  in  the  wet  marshes  of  streams  and  lakes  both  on  the 
coast  and  inland.  It  is  often  found  along  creeks  on  the  coast  where  at 
high  tide  it  is  almost  completely  submerged.  Johnson  ^  states  that  in 
the  province  of  Ontario,  Canada,  and  neighboring  states  of  the  United 
States  the  Indian  tribes  gather  the  crop  in  canoes,  dry  it  in  the  sun,  parch 
it  in  iron  pots,  and  thresh  out  the  kernels.  The  limited  amount  that 
reaches  the  market  is  considered  a  delicacy. 

A  southern  species  (Z.  palustris  L.)  has  broader  leaves,  longer  but 
narrower  fruit,  and  lacks  commonly  the  purple  color  of  flowers  and  leaf 
markings  which  is  characteristic  of  the  northern  species. 

Chambliss  *  has  conducted  extensive  experiments  on  the  propagation 
of  both  species,  chiefly  as  a  food  for  water  fowl. 


MACROSCOPIC  STRUCTURE.-In  both  species  the  female 
flowers  are  borne  on  the  upper  erect  branches  of  the  panicle,  the  male 
flower  on  the  lower  drooping  branches.  As  in  rice,  the  flowering  glume 
clasps  over  the  palet,  enclosing  the  caryopsis.  The  flowering  glume 
reaches  2  cm  m  length,  not  including  the  upwardly  barbed,  twisted 
awn  that  reaches  or  exceeds  1.5  cm.  It  is  five-ribbed,  with  stiff  bristles 
along  the  whole  length  of  the  side  ribs  and  toward  the  end  of  the  middle 
rib  reaching  their  greatest  length  (1  mm.)  at  the  base  of  the  awn 


^  Ann.  chim.  appl.  1928,  18,  47. 

2  Cereal  Chem.  1929,  6,  128. 

3Compt.  rend.  1920,  171,  196. 

^  J.  Biol.  Chem.  1919,  38,  191. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  45 
®Compt.  rend.  1912,  155,  291. 

^  U.  S.  Daily  Consular  and  Trade  R( 
« U.  S.  Dept.  Agr.  1922,  Circ.  229. 


1912,  15,  258. 
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The  palet  (considered  by  some  as  a  glume)  is  two-keeled,  two-winged 
and  taper-pointed.  ’ 

At  full  maturity,  the  caryopsis,  or  kernel,  is  readily  removed  by 
pounding.  It  is  purple-black  or  brown,  narrow  (1.5  min.),  cylindrical, 
up  to  2  cm.  long,  with  a  groove  on  the  side  facing  the  flowering  glume 
extending  the  whole  length,  beneath  which,  extending  from  the  base  to 
about  the  middle,  is  the  embryo.  On  the  palet  side  it  is  uniformly 
rounded  with  delicate  longitudinal  striations.  The  raphe  is  on  this  side. 
When  removed  entire,  the  caryopsis  resembles  a  piece  of  small  pencil- 
lead. 

It  should  be  noted  that  whereas  in  wheat,  rye,  barley,  and  oats  the 
groove  is  on  the  side  adjoining  the  palet,  in  wild  rice  it,  as  well  as  the 
embryo,  is  on  the  side  adjoining  the  flowering  glume. 

MICROSCOPIC  STRUCTURE.— Pamrnel  ^  has  studied  the  caryop¬ 
sis  in  cross  section  and  Alitlacher  ^  the  flowering  glume,  palet,  and  caryop¬ 
sis  in  surface  view. 

Flowering  Glume. — In  structure  this  resembles  the  corresponding 
part,  of  oats  rather  than  that  of  rice,  the  outer  epiderm  consisting  of 
elongated  wavy-walled  cells  alternating  with  round  and  twin  cells. 

Palet. — The  structure  is  much  the  same  as  that  of  the  flowering 
glume  except  that  the  wings  are  less  robustly  developed  and  have 
epidermal  cells  with  thinner  walls. 

Pericarp. — The  structure  of  the  pericarp  is  practically  the  same  as 
that  of  its  ‘near  relative  rice,  the  characters  being  best  brought  out  in 
surface  preparations.  The  layers  are:  (1)  epicarp  with  transversely 
elongated  cells  with  wavy  end  walls,  strikingly  developed  about  the 
groove,  (2)  hypoderm  of  transversely  elongated  cells,  (3)  vermiform  cells, 
also  transversely  arranged,  passing  into  a  spongy  parenchyma  containing 
more  or  less  disorganized  chlorophyl  grains,  and  (4)  numerous  narrow 
tube  cells. 

Spermoderm  and  Perisperm. — These  are  seen  only  after  special  treat¬ 
ment,  as  noted  under  rice,  and  are  then  elusive  although  apparently 
the  same  as  in  rice.  The  spermoderm  shows  strongest  development  on 
the  palet  side  where  spiral  and  reticulated  vessels  of  the  raphe  are 

present. 

Endosperm. — The  aleurone  cells  are  thin-walled  and  show  little 
differentiation  from  the  outer  starch  cells,  which  latter  often  contain  little 

or  no  starch. 

The  starch  grains,  as  in  rice,  arc  small  (up  to  9  m),  polygonal,  and  occur 
in  large  and  small  aggregates. 

1  Trans.  Acad.  Sci.  of  St.  Louis  1898,  8,  199.' 

*  Z.  allg.  oesterr.  Apoth.-Ver.  1901,  813,  831,  856,  875,  899,  928. 
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Chief  Structural  Characters —Kernel  narrow,  cylindrical,  dark- 
colored,  with  groove  and  embryo  on  same  side. 

Chaff  resembling  oats  in  structure.  Fruit  elements  practically  identi¬ 
cal  with  those  of  rice. 

CHEMICAL  COMPOSITION— Samples  of  parched  and  sun-dried 
wild  rice  from  the  Lac  Courte  Oreille  Indian  Reservation,  Wisconsin, 
analyzed  by  Woll  ^  and  4  samples  analyzed  by  Kennedy  ^  contained  as 
follows : 

Composition  of  Wild  Rice 


Water 

Protein 

Fat 

N-f. 

ext. 

Starch 

Soluble 

carbo¬ 

hydrates 

Fiber 

Ash 

WoU: 

% 

% 

% 

% 

% 

% 

.% 

% 

Parched .... 

9.54 

13.00 

0.86 

74.04 

1.12 

1.44 

1.58 

Sun-dried . . . 

9.99 

13.65 

0.88 

72.68 

1.22 

Kennedy : 

I . 

7.74 

13.36 

0.46 

75.96 

65.26 

2.98 

1.39 

1.09 

II . 

7.85 

13.97 

0.89 

74.50 

61.69 

3.69 

1.41 

1.38 

Ill . 

8.93 

14.62 

0.72 

72.62 

60.47 

2.33 

1.94 

1.17 

IV . 

7.83 

14.40 

0.66 

74.57 

62.03 

2.93 

1.29 

1.25 

Kennedy  states  that  wild  rice  has  greater  food  value  than  cultivated 
polished  rice,  the  proteins  being  of  better  quality  and  the  content  of 
vitamin  B  being  greater. 

Mineral  Constituents.-Determinations  of  inorganic  elements  by 
Kennedy  ^  yielded  the  following  results,  recalculated  to  oxides: 


K2O 

Na^O 

CaO 

MgO 

P2O6 

SO3 

% 

0.066 

% 

0.086 

% 

0.025 

% 

0.133 

% 

0.971 

% 

0.628 

Wisconsin  Agr.  Exp.  Sta.  1899,  p.  271. 
^  J.  Agr.  Res.  1924,  27,  219. 

®  Loc.  cit. 
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CANARY  SEED 

Phalaris  canariensis  L. 

Fr.  jMillet  long.  Sp.  Alpisto.  Ger.  Kanaricnsamen. 

Although  best  known  as  a  bird  food,  canary  seed  is  used  in  southern 
Europe  for  the  preparation  of  flour  and  a  textile  size.  Ribbon  grass  of 
our  gardens  belongs  to  the  same  genus. 

MACROSCOPIC  STP.UCTURE. — The  inflorescence  is  in  close  pan¬ 
icles.  At  maturity  the  spikelet  consists  of  two  boat-shaped,  three- 
nerved,  clasping  empty  glumes  (8  mm.),  two  scale-like  glumes 

of  a  sterile  flower  about  2  mm.  long,  and  a  single  flattened  fruit,  4  to  5 
mm.  long,  entirely  hidden  within  its  lustrous,  light-buff  flowering  glume 
and  palet.  The  chaffy  empty  glumes  and  the  glumes  of  the  sterile  flow¬ 
ers  usually  remain  with  the  straw  on  threshing. 

The  grain  and  its  two  envelopes  are  flattened,  with  the  dorsal  and 
ventral  sides  at  the  edges,  and  short-pointed.  Under  a  lens  stiff  hairs 
are  seen  on  both  sides  of  the  tip  of  the  five-nerved,  shiny,  flowering  glume 
and  along  the  back  of  the  palet  between  the  two  ribs.  So  tightly  is  the 
fruit  held  between  its  glume  and  palet  that  it  requires  some  care  to 
remove  it  entire.  Its  color  is  brown.  The  embrjm  is  on  the  edge 
adjacent  to  the  center  of  the  flowering  glume,  extending  from  the  base 
nearly  to  the  middle. 

MICROSCOPIC  STRUCTURE.— Von  Ilohnel  i  and  also  Harz  2 
give  descriptions  of  the  structure  of  chaff  and  fruit  which  differ  in  some 
details  from  the  following. 

Empty  Glumes. — Although  present  in  very  small  amount  in  cleaned 
seed,  the  structure  of  the  outer  epiderm  warrants  special  mention.  It  is 
remarkable  for  the  large  number  of  round  anti  crescent  cells,  the  former 
with  distinct  pits;  twin  cells,  that  is,  a  round  and  crescent  cell  together, 
occur  less  commonly  although  a  hair  and  a  crescent  cell  sometimes  are 
adjacent,  particularly  on  the  wings,  the  base  of  the  hair  being  irregularly 
elongated  or  oval.  The  hairs  vary  from  short,  thorn-like  to  long 
(300  p)  but  in  both  cases  with  walls  so  thick  that  in  parts  the  lumen  is 
not  evident  at  all.  On  the  keel  the  long  cells,  which  on  the  body  of  the 
grain  are  longitudinally  arranged,  extend  at  an  angle  to  the  direction 
of  the  rib,  ending  at  the  margin  in  short  cells,  each  with  a  projecting 

point. 

Flowering  Glumes. — In  the  glumes  of  the  fertile  flower  all  four  layers, 
characteristic  of  cereal  chaff,  arc  represented:  (1)  older  epiderm  of 

1  Die  Starke  und  die  Mahlproducte.  Kassel  u.  Berlin,  1882. 

2  Samenkunde.  Berlin,  1885,  p.  1274. 
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elongated  cells  with  strongly  thickened,  sinuous  walls,  and,  both  sides 
of  the  tip,  thick-walled  hairs  such  as  occur  on  the  empty  glumes,  (2) 
hypoderm  of  thick-walled  fibers,  (3)  spongy  parenchyma  like  that  of  the 
empty  glumes,  and  (4)  inner  epiderm  of  straight-walled,  elongated, 
polygonal  cells  and  broad  stomata. 

So  strongly  thickened  are  the  walls  of  the  outer  epiderm  that  the 
sinuous  character  is  not  evident,  the  inner  bends  appearing  like  pores 
and  the  whole  like  a  tissue  with  thick,  straight,  porous  walls.  On 
heating  with  sodium  hydroxide  the  sinuous  middle  lamella  is  brought 
out.  Von  Hohnel  appears  to  have  overlooked  their  sinuous  character. 

In  the  glumes  of  the  sterile  flower  four  layers  are  present  only  about 
the  center  nerve;  in  other  parts  only  the  elongated  cells  of  the  outer 
epiderm  are  conspicuous  and  these  have  nearly  straight,  thin,  although 
pitted,  walls.  Long  hairs  occur  at  the  tip. 

Palet. — The  structure  is  like  that  of  the  flowering  glume  on  the  mid¬ 
dle  portion,  but  the  walls  on  the  edges  are  thinner  and  hairs  occur  along 
the  keel,  which  is  in  the  center.  The  two  lateral  nerves,  which  in  some 
cereals  have  keels,  are  uniformly  rounded. 

Pericarp. — All  the  tissues  are  more  or  less  brown  in  color,  owing  to  a 
substance  which  impregnates  the  walls  and  occurs  also  in  drops.  Only 
three  layers  are  evident:  (1)  epicarp  of  longitudinally  elongated  cells 
with  straight  walls,  (2)  cross  cells  of  the  vermiform  type,  and  (3)  tube 
cells.  These  are  easily  found  in  surface  preparations  but  in  cross  section 
show  little  differentiation, 

Spermoderm  and  Perisperm  are  developed  only  about  the  raphe. 

Endosperm. — The  aleurone  cells  are  conspicuous  both  as  to  walls  and 

contents.  The  grains  ”  or  enclosures  of  the  network  are  quite  large, 
reaching  3  /z. 

The  starch  cells  contain  starch  aggregates  and  individual  grains 
of  the  rice  type.  Polygonal  forms  predominate.  Most  of  the  grains  are 
less  than  6  in  diameter. 


Chief  Structural  Characters. — Empty  glumes  keeled,  boat¬ 
shaped;  flowering  glume  flattened,  pointed,  lustrous,  buff;  fruit  brown, 
tightly  enveloped  by  flowering  glume  and  palet. 

Outer  epiderm  of  empty  glumes  with  long,  round  and  crescent¬ 
shaped  cells.  Outer  epiderm  of  glume  and  palet  of  fertile  flower  with 
sinuous  and  strongly  thickened  walls.  Hairs  on  envelopes  up  to  300  m 
wi  thick  walls.  Epicarp  cells  elongated,  straight- walled ;  cross  cells 

and  tube  cells  worm-like.  All  pericarp  tissues  with  brown  walls, 
btarch  of  rice  type. 

gras^^farfp^-  analysis  of  so-called  canary 

g  gram  (P.  intermedia  var.  angusta)  grown  in  South  Carolina,  given 
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in  Jenkins  and  inton’s  Compilation/  shows  the  following  percentages: 
water  14.30,  protein  13.67,  fat  3.52,  nitrogen-free  extract  37.23,  fiber 
21.29,  and  ash  9.99  per  cent. 

^  H  ^  found  in  P.  cananensis  5.6  per  cent  of  oil  (petroleum 
ether  extract)  wdth  the  following  physical  and  chemical  values:  refractive 
index  at  25°  C.  1.4714,  saponification  number  184,  iodine  number  115.5, 
acid  number  20.8,  and  unsaponifiable  matter  1.5  per  cent. 

Mineral  Constituents— Hanamann  ^  found  an  ash  content  of  5.19 
per  cent  with  the  percentages  of  constituents  given  below.  The  high 
percentage  of  soda  needs  confirmation. 


KjO 

NaoO 

CaO 

MgO 

FejOs 

P2O6 

SiOj 

% 

% 

% 

% 

% 

% 

% 

4.79 

3.04 

1.46 

3.75 

0.27 

24.30 

61.63 

M  inor  Mineral  Constituents.  Zinc. — Whole  seed  15  mg.  per  kilo,  dry  basis 
(Bertrand  and  Benzon)^. 


OATS 

» 

Avena  saliva  L. 

Fr.  Avoine.  Sp.  Avena.  It.  Vena.  Ger.  Hafer. 

Oats  do  not  appear  to  have  been  grown  by  the  ancient  inhabitants  of 
the  Mediterranean  region  biit,  according  to  De  Candolle,  originated 
somewhere  between  Central  Europe  and  Tartary.  They  w^ere  culti¬ 
vated  by  the  Swiss  lake  dwellers  and  the  early  Germanic  nations. 

Warburton,^  writing  before  the  automobile  had  displaced  the  horse 
to  any  great  extent,  stated  that  in  Great  Britain  and  Ireland  the  acreage 
of  oats  was  little  less  than  of  all  other  grains,  in  Germany  it  exceeded 
the  combined  acreage  of  wheat  and  barley  and  was  second  only  to  rye, 
and  in  the  United  States  it  was  second  only  to  maize  and  wheat. 

Although  preeminently  a  food  for  cattle  and  especially  horses,  the 
heart  of  the  grain  in  the  form  of  oatmeal  and  rolled  oats  is  a  highly 
nutritious  human  food. 

Two  types  distinguished  by  their  inflorescence  are  in  cultivation:  (1) 
the  panicled  and  (2)  the  banner  or  horse  mane.  Both  are  really  in 

1  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1892,  Bui.  11. 

*  Z.  angew.  Chem.  1916,  23,  I,  337. 

3  Wittstein:  Vierteljahrschr.  12,  517. 

*  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

6  U.  S.  Dept.  Agr.  1910,  Farm.  Bui.  424. 
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panicles  but  in  the  former  they  are  loose,  whereas  in  the  latter  the  spike- 
lets  are  sharply  turned  to  one  side  as  suggested  by  the  names.  Banner 
oats  have  been  given  a  specific  name,  A,  ovicntcdis  Schreb.,  but  this  type 

is  generally  regarded  as  merely  a  variety. 

Naked  oats  are  not  commonly  cultivated  but  are  of  interest  as  show¬ 
ing  that  the  chaffy  condition  is  not  universal,  thus  placing  oats  in  the 
same  category  with  wheat  and  barley,  which  also  have  both  naked  and 
chaffy  varieties. 

Wild  oats  {A.  fatua  L.),  thought  by  some  to  be  the  parent  of  culti¬ 
vated  varieties,  are  a  common  weed  in  grain  fields  and  occur  in  screen¬ 
ings  of  wheat  and  other  cereals. 

MACROSCOPIC  STRUCTURE  (Figs.  70  and  71).— Normally  the 
spikelet  is  two-flowered.  The  empty  glumes  {EG^  and  EG‘^)  are  large. 


Fig.  70.— Oats.  I  two-fruited  spikelet  entire.  EG^  and  EG^  empty  glumes- 
FG^  flowering  glume  and  palet  enclosing  lower  fruit;  Awn  awn  of  flowering  glume]- 
FG^  flowering  glume  of  upper  fruit  concealing  kernel  and  palet;  R  rachilla.  II  dorsal 
side  of  lower  fruit  showing  flowering  glume  with  three  veins  and  awn.  Ill  ventral 
side  of  lower  fruit  showing  edges  of  flowering  glume  clasping  upper  fruit.  IV  same 
as  111  but  upper  fruit  removed.  X2.  (A.L.W.) 


thin,  pointed,  several-nerved,  and  awned  or  awnless.  They  usually 
remain  with  the  straw  on  threshing. 

Both  flowers  are  usually  fertile  but  the  lower  fruit  may  be  more 
ro  us  y  eveloped  than  the  upper.  The  lower  fruit  is  tightly  clasped  by 
the  seven-nerved glu.ne  (FG^)  and  the  two-keeled  palet  (PM 
e  former  often  being  awned.  The  upper  fruit,  tightly  clasped  by  its 

{R)  and  IS  commonly  held  closely  against  the  lower  fruit  by  the  sides  of 
the  flowenng  glume  of  the  latter  which  are  so  extended  as  to  cover  all 
but  the  upper  portion  of  the  palet,  although  it  may  have  coL  Vosl  from 

this  embrace  on  becoming  detached.  <*ve  come  loose  from 
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Fig.  70,  III,  shows  the  rachilla  and  dorsal  side  of  the  upper  fruit  with 
all  but  a  portion  of  the  flowering  glume  hidden  by  the  overlapping 
flowering  glume  of  the  lower  fruit;  IV  shows  the  lower  fruit  after  removal 
of  the  upper.  The  arrangement  of  the  complete  double  fruit  or  grain 
with  the  chaff  is  brought  out  by  Lig.  71,  which  also  shows  the  concavity 
of  the  lower  fruit  into  which  the  upper  fits,  the  interesting  manner  in 
which  the  flowering  glumes  and  palets  clasp  the  kernels,  also  the  general 

structure  of  the  kernels.  The  arrange¬ 
ment  in  the  groove  is  like  that  of  wheat 
and  rye  and  not  barley. 

Separated  from  the  chaff  the  keinels 
are  seen  to  be  clothed  with  hairs  which, 
being  longer  than  in  wheat  and  not 
confined  to  the  end  of  the  kernel, 
give  them  a  more  dowmy  appearance; 
furthermore  the  kernel  is  longer  and 
narrower  than  the  wheat  kernel. 

MICROSCOPIC  STRUCTURE.— 
Oats  are  sharply  distinguished  from 
chaffy  wheats  and  barleys  not  only  by 
the  structure  of  the  fruit  proper  (cary- 
opsis)  but  by  the  structure  of  the  chaff 
itself,  which  to  the  naked  eye  in  frag¬ 
ments  of  considerable  size  is  verj^  simi¬ 
lar.  The  distinction  betw’een  oat  chaff 
and  rice  chaff  (commonly  knowm  as  oat 
hulls  and  rice  hulls)  is  also  striking  not¬ 
withstanding  the  close  resemblance  in 
microsocopiccharactersof  the  endosperm. 

Flowering  Glume.  (Fig.  72,  G;  Fig.  73). — On  the  dorsal  portion, 
except  at  the  edges  and  tip,  there  are  four  layers,  as  in  barley  and  other 
chaffy  cereals:  (1)  outer  epiderm  {aep,  aep-)  with  long  cells,  round  cells, 
and  tw'in  cells,  the  long  cells  having  thick  zigzag  w'alls,  (2)  sclerenchyma 
fibers  (/,/’,/“),  both  thick-  and  thin-w^dlcd,  several  cells  deep,  (3)  spongy 
parenchyma  (p,  p^),  with  extraordinarily  large  intercellular  spaces,  thus 
forming  long  anns  on  the  cells  themselves  which  may  be  described  as 
hide-shaped,  and  (4)  inner  epiderm  {iep)  consisting  of  longitudinally 
elongated  cells  with  straight  walls  and  stomata. 

The  epidermal  cells  in  cross  section  are  somewhat  elongated  trans¬ 
versely  whereas  the  fibers  are  oval,  the  radial  diameter  being  the  longer. 
In  cross  section  cuticular  warts  are  seen  which  appear  to  belong  over  the 
round  cells.  In  surface  view  these  are  indistinct  because  of  the  trans- 


Fig.  71. — Oats.  Spikclet  with  two 
fruits  in  cross  section.  FG’t  flowering 
glume  and  palet  of  lower  fruit; 
FG^  flowering  glume  and  7^2  palet  of 
upper  fruit;  awn  awn  of  lower  fruit; 
F  vein;  F  (gray)  pericarp;  S  (black 
line)  spermoderm  broadening  into  pig 
pigment  strand  adjoining  fo  bundle; 
N  (white  line)  perisperm  broadening 
into  pr  perisperm  strand;  al  aleurone 
layer;  am  starch  cells.  Xlo.  (A. 
L.W.) 
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parency  of  the  silicified  cuticle.  Surface  preparations  (Fig.  73,  f) 
also  show  that  some  of  the  fibers  are  notched  or  wavy  in  outline,  con¬ 
forming  to  the  outline  of  the  inner  walls  of  the  epiderm. 

The  spongy  parenchyma  cells  are  described  by  Moeller  ^  as  star¬ 
shaped,  thus  distinguishing  them  from  the  quadrilateral  cells  of  barley. 
Emmerling  ^  employs  this  important  distinction  in  the  examination  of 
chaffy  products  such  as  brewery  and  distillery  grains.  A  study  of  the 
cells  brings  out  a  simple  fundamental  detail  of  structure  to  which  the 


r  "o®  section  through  central  dorsal  side 

G  flowering  glume:  aep  outer  epiderm  with  cuticular  warts,  /  fiber  layer  v  sponev 

parenchyma  with  fv  bundle,  ^ep  inner  epiderm.  F  pericarp:  epi  epicarp  with  f  hafr^ 
mes  spongy  parenchyma.  iS  spermoderm.  A  perisoerm  /^pnrIn«r.o  7  i  ’ 
cells,  am  starch  cells.  X160.  (A.L.W.)  "  endosperm ;  al  aleurone 


difference  in  form  is  due,  namely,  the  size  of  the  intercellular  spaces 

nV“i  small.  Small  intercellular  spaces 

do  not  destroy  the  general  quadrilateral  form  of  the  celk-  kv  ^ 

s  t,LTi.r 

A  Star-Shaped  form  suggests  radiation  from  a  common  f 
pointed  ends,  neither  of  which  these  cells  "o^srNerrhffiht 
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vascular  bundles  (p)  of  the  nerves  the  intercellular  spaces  are  small  and 
consequently  the  form  of  the  cells  is  nearly  quadrilateral. 

Along  the  marginal  nerves,  particularly  toward  the  tip,  the  long 
cells  (Fig.  73,  aep^)  are  thinner- walled,  although  more  or  less  wavy  in 
outline,  and  are  interspersed  with  stomata  and  broad,  short,  conical 
hairs.  The  fiber  and  spongy  parenchyma  layers  are  reduced  in  thickness 
or  vanish  entirely  at  the  margins  and  tip. 

Awn  (Fig.  74). — Owing  to  their  dark  color,  bleaching  of  preparations 
with  Javelle  water  is  necessary.  Cross  sections  are  usually  unsatis¬ 
factory^  on  account  of  the  twisted  nature  of  the  awn. 

The  tissues  are  a  continuation  of  the  three  outer  tissue  zones  of  the 
flowering  glume  and  are  as  follows:  (1)  cpiderm  remarkable  for  its  saw- 


Fio.  73. — Oats.  Elements  of  flowerinj;  glume  in  surface  view,  acp^  outer  | 


epiderm  along  marginal  vein  near  apex  showing  long  cells,  twin  cells,  stomata,  | 
and  conical  hairs.  Following  from  central  dorsal  side:  aep^  outer  epiderm  with  | 
long  cells,  twin  cells,  and  round  cells;  and thick-  and  thin-walled  fibers  adjoining  j 
outer  epiderm;  spongy  parenchyma;  fv  fibro-vascular  bundle;  p^  spongy  paren-  i 
chyma  adjoining  bundle;  tep  inner  epiderm.  XlbO.  (A.L.W.)  | 

tooth  hairs  (0,  attached  for  two-thirds  their  length,  distributed  among  j 
the  long  cells,  round  cells,  and  twin  cells  between  bands  with  stomata  | 
{sto),  (2)  sclerenchyrna  fibers  (/)  with  truncated  ends,  (3)  spongy  paren-  j 
chyma  (p)  with  very  small  (luadrilateral  cells  and  (4)  a  fibro-vascular  | 

bundle  (fv)  joining  that  of  the  mid-vein.  L 

The  epiderm,  on  the  dorsal  side  at  the  base,  has  the  same  structure  as  |a 
the  epidenn  of  the  flowering  glume  of  which  it  is  a  continuation,  consist-  L 
ing  of  long  cells,  round  cells,  and  twin  cells,  flanked  by  bands  with  sto-  j; 
mata.  This  general  arrangement  continues  upward  on  the  awn,  but  a  f 
considerable  number  of  the  long  cells  are  replaced  by  saw-tooth  hairs  I 
which  are  morphologically  long  cells,  the  upper  ends  of  which  are  I 
extended  out  from  the  surface  into  points.  S 
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The  sclerenchyma  fibers  at  the  base  of  the  awn  are  broad  (up  to  30  fx 
or  more),  but  further  upward  on  the  awn  they  are  narrow  and,  as  obtained 
by  maceration  with  sodium  hydroxide,  resemble  bundles  of  quills.  Both 
the  broad  and  the  narrow  forms  are  characterized  by  the  truncated  ends 
and  general  rectangular  shape. 

Spongy  parenchyma  is  noticeable  only  beneath  the  stomata  where  the 


Fig.  74.  Oats.  Awn,  central  portion,  in  surface  view.  Epiderm  consists  of 
long  cells,  twin  cells,  round  cells,  t  stiff  hairs,  and  sto  stomata;  /  blunt  hypoderm 

fibers;  P  spongy  parenchyma;  /y  fibro-vascular  bundle.  XIGO.  (A.L.W.) 

Fig.  75.— Oats.  Epiderm  of  rachilla  in  surface  view.  I  side  away  from  ventral 

X^6o''*^(rL  V)  f™**- 


cells  are  small  and  quadrilateral,  with  small  intercellular  spaces,  being 
not  unlike  the  spongy  parenchyma  of  barley  chaff. 

Rachilla.— After  the  upper  fruit  breaks  away  from  the  lower  the 
rachilla  ordinarily  remains  attached  to  the  lower  fruit  lying  against  its 

ventral  side.  It  has  the  usual  structure  of  the  straw.  « 

The  epiderm  on  the  side  away  from  the  lower  fruit  (Fig.  75,  I)  consists 
of  long  cells  with  sinuous  walls,  round  cells,  twin  cells  and  stomata 

Some  “ 

the  side  facing  the  lower  fruit,  stomata  are  absent  and  the  lone 
cells  are  so  deeply  sinuous  that  they  appear  porous  (Fig.  75,  II) 
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Palet  (L igs.  /6  and  /7).  Although  resembling  the  flowering  glume  I 
in  general  structure,  the  palet  differs  in  a  number  of  respects:  (1)  each  I 
keel  has  a  comb  edge  of  stiff  hairs  (Fig.  76),  (2)  stomata  occur  in  longi-  I 

tudinal  bands  both  sides  of  I 
the  keels,  (3)  the  cell  walls  I 
on  the  wings  are  thinner  I 
than  on  the  main  palet  I 
between  the  keels,  and  (4)  I 
short  but  stout  hooked  hairs  1 
form  a  saw-edge  (Fig.  77)  I 
on  the  margins  near  the  I 
tip  and  similar  hairs  occur 
on  the  surface  near  the  | 
margins. 

The  long  cells  on  the 
main  body  of  the  palet  are 
not  only  deeply  sinuous 
but  much  thickened  and 
distorted.  All  gradations 
through  cells  with  thinner 


but  sinuous  walls  to  elongated  thin-  but  straight-walled  cells  occur 
between  the  center  of  the  palet  and  the  margins  of  its  wings. 

Pericarp  (Figs.  72,  F;  Fig.  78). — Only  two  layers  are  differentiated: 


Fi<;.  7ii. — Oats.  Outer  epiderm  of  palet  at  keel, 
midway  between  base  and  apex,  in  surface  view,  show¬ 
ing  long  cells,  twin  cells,  stomata,  and  saw  edge  of 
stiff  hairs.  X  IbO.  (A.L.W.) 


various  cereals. 

The  hairs  (Fig.  79)  vary  greatly  in  length 
most  of  them  may  be  grouped  in  two  classes: 


and  breadth  of  lumen,  l)ut 
(1)  long  hairs  with  lumen 
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narrowGr  thfin  the  Wcills,  tiipcring  towiird  both  endSj  the  bs-so,  howcvoi , 
being  more  or  less  globular  and  broader  than  the  portion  above  it  and 
(2)  short  hairs  with  lumen  broader  than  the  walls,  tapering  from  the  base 
to  the  apex.  Both  forms  occur  singly  or  in  twins  and  triplets,  long  and 
short  forms  often  occurring  together.  When  a  kernel  is  scraped,  as  in 
milling,  the  hairs  often  break  near  the  base  at  their  narrowest  part  and 
the  detached  hairs  appear  almost  as  pointed  at  the  lower  end  as  at  the 
upper. 

Under  the  head  of  hypoderm  is  grouped  the  curious  complex  of 
spongy  parenchyma,  forming  the  pericarp  below  the  epicarp.  This  layer, 
as  well  as  the  spermoderm  and  perisperm,  is  best  brought  out  in  cross 


Fig. 

epicarp; 

(A.L.W.) 


78.— Oats.  Bran  coats  from  central  dorsal  side  in  surface  view,  epi 
mes  spongy  parenchyma;  .S'  spermoderm;  al  aleurone  cells.  X160. 


section  by  warming  with  sodium  hydroxide,  acidifying  with  acetic  acid 
and  mounting  m  chlorzinc  iodine  which  stains  the  hypoderm  cells  blue! 
ur  ace  preparations  are  obtained  by  warming  whole  kernels  in  sodium 
y  roxide,  plunging  in  acetic  acid,  scraping,  and  mounting  in  chlorzinc 


Spermoderm  (Figs.  72  and  78,  5).-Only  one  distinct  layer  is  evident 
As  seen  m  surface  preparations,  mounted  in  chlorzinc  iodine  as  above 

arating  it  from  the  perisperm.  la-yer  sep- 
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Some  authors  have  mistaken  the  definite  layer  for  cross  cells  of  the 

pericarp,  but  if  these  cells  are  followed 
around  a  cross  section  it  may  be  seen  that 
they  belong  with  the  pigment  strand  and 
form  a  true  spermoderm  layer.  The  traces 
of  an  inner  layer,  being  bounded  by  a 
cuticle,  cannot  belong  with  the  perisperm. 

Perisperm  (Fig.  72,  A').— This  layer  is 
evident  in  cross  section  as  a  narrow  hyaline 
band  which,  followed  about  the  kernel,  is 
seen  to  merge  with  the  perisperm  strand. 
No  cellular  structure  is  evident  in  surface 
view,  even  in  chlorzinc  iodine  mounts,  which 
is  not  surprising  since  the  band  is  much 
thinner  than  in  wheat. 

Endosperm  (Fig.  72,  E). — The  aleurone 
cells  (Figs.  72  and  78,  al)  are  only  slightly 
smaller  than  those  of  wheat,  but  their  w'alls 
are  thinner.  They  extend  around  the  kernel 
into  the  groove  and  about  the  Y  seen  in 
cross  section  at  the  bottom  of  the  groove 
just  as  in  wheat.  Here  and  there  some  of 
the  cells  obviously  belonging  to  the  aleurone 
layer  contain  starch  grains.  On  the  other 
hand,  some  of  the  starch  cells  contain 
protein  contents  partly  or  entirely  displacing 
the  starch.  There  is,  in  fact,  as  well  as  in 
w’heat  and  other  cereals,  no  sharp  demarca¬ 
tion  between  aleurone  and  starch  cells. 

The  starch  cells  (Fig.  72,  am)  are  char¬ 
acterized  by  their  thick  walls  in  the  first  one 
or  two  layers.  This  is  evidently  due  to 
swelling. 

Oat  starch,  like  rice  starch,  has  small 
polygonal  grains  up  to  about  10  in  diam¬ 
eter  which  are  united  into  aggregates  of 
frem  two  to  some  scores  or  even  a  hundred 
or  more  individuals.  The  occurrence  of 
spindle-shaped  grains,  which  from  their  form 
do  not  appear  ever  to  have  been  members 


Fia.  79. — Oat  hairs  (.1):  Wheat 
hairs  (F).  XI 90.  (A.I..W.) 


of  an  aggregate,  furnishes  a  rather  uncertain  distinction  from  rice 
starch. 
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No  distinct  hilum  is  evident  in  the  starch  grains,  although  with  polar¬ 
ized  light  crosses  are  formed  through  the  center  of  the  grains. 

Chief  Structural  Characters. — Enveloped  in  the  chaff,  grain 
slender  (barley  broader  and  shorter),  uniformly  rounded  (barley  ribbed), 
and  gradually  tapering  (barley  beaked  at  the  base).  Lower  grain  of 
spikelet  concave  on  ventral  side  (convex  in  barley).  Kernel  grooved, 

hairy  at  apex  (as  in  wheat  group). 

Chaff  elements:  (1)  comb-edge  of  hairs  on  palet  keels  (barley  smooth), 
(2)  saw-edge  of  hairs  on  margin  of  palet  (barley  smooth),  (3)  stomata 
numerous  (in  barley  absent),  (4)  spongy  parenchyma  cells  hide-shaped 
(barley  quadrilateral),  (5)  lodicules  with  long  silky  hairs  absent  (present 
in  barley),  and  (6)  tip  of  rachilla  smooth  (barley  and  wild  oats  bristly). 
Epicarp  with  long  hairs  (2000  (x),  narrowed  at  base  (wheat  group  broad 
at  base);  mesocarp  of  spongy  parenchyma  corresponding  to  cross  cells 
and  tube  cells  of  other  cereals.  Starch  grains  of  rice  type. 

MICROSCOPY  OF  OAT  PRODUCTS— Whole  Oats,  ground  or 
unground,  alone  or  mixed,  because  of  their  chaffy  nature,  can  be  eaten 
only  by  animals.  The  characters  and  distinctions  from  other  cereals  are 
noted  in  the  foregoing  section. 

Rolled  Oats  and  Oat  Meal,  prepared  by  removal  of  the  chaff  with  or 
without  steaming  or  cooking,  rank  among  the  most  nutritious  and 
palatable  of  human  cereal  foods.  All  the  elements  of  the  pericarp, 
spermoderm,  perisperm,  endosperm,  and  embryo  are  present.  The 
condition  of  the  starch  grains  depends  on  the  degree  of  cooking.  Occa¬ 
sional  fragments  of  the  chaff,  detected  in  eating,  may  be  present.  The 
detached  epicarp  hairs,  seemingly  pointed  at  both  ends,  are  character¬ 
istic. 


Oat  Hulls  and  similar  by-products,  obtained  in  the  manufacture 
of  oat  meal  and  rolled  oats,  contain  not  only  the  chaff  but  also  small  and 
imperfect  kernels,  usually  the  top  kernels  of  spikelets.  The  macroscopic 
characters  of  unground  hulls  usually  suffice  for  identification,  but  the 
histological  structure  of  ground  hulls  furnishes  the  only  criterion. 

CHEMICAL  COMPOSITION. — Analyses  of  whole  oats  are  of 
interest  chiefly  in  cattle  feeding.  Prior  to  1892  only  a  few  analyses  of 
American  oats  were  recorded  and  these  are  not  representative.  Wiley 
and  co-workers  1  have  reported  on  72  samples  of  oats  grown  in  the 
United  States  and  Canada  and  exhibited  at  the  World’s  Fair  at  Chicago 
Chamberlain  made  an  extensive  study  of  American  and  European 
grown  oats.  A  summary  of  these  analyses  made  at  the  Bureau  of  Chem- 


1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1895,  Bui.  49  29 
=*  Ibid.  1909,  Bui.  120.  ’  ' 
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Composition  of  Whole  Oats  (Bureau  of  Chemistry) 


Samples 

Water 

Protein 
(N  XG.25) 

Fat 

N-f. 

ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Wiley  (1893): 

72 

Min . 

7.87 

9.10 

0.93 

53.70 

8.52 

2.47 

Max . . 

13.02 

15.05 

G.14 

61.98 

16.65 

4.37 

Aver . 

9.96 

12.07 

4.42 

68.28 

11.92 

3.36 

Chamberlain 

(1903-5): 

United  States: 

242 

Min . 

5  00 

8  75 

1  79 

59  06 

R  46 

9  S*^ 

Max . 

10.72 

19  75 

7  47 

72  91 

20  OS 

^  •  oO 

Av'er . 

71.82 

13.76 

4.38 

66.29 

12  20 

O  ,Oi 

3.96 

Europe: 

54 

Aver . 

8.31 

11.63 

6.86 

67.91 

10.80 

3.61 

Hull-less: 

2 

Aver . 

8.04 

18.37 

6.26 

70.06 

2.80 

2.61 

Oat  Products. — The  average  composition  of  rolled  oats,  oat  bran,  and 
oat  hulls  is  shown  in  the  following  table  furnished  by  Carl  Miner,  of  the 
Miner  Laboratories,  Chicago: 


Composition  of  Oat  Products  (Miner) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Rrillpfl  n.it.s . 

% 

8.40 

6.50 

6 , 75 

% 

16.04 

19  30 
3.85 

% 

6.79 

7.10 

1 .40 

% 

65.57 

59.90 

48.75 

% 

1.45 

4.60 

33.45 

% 

1.75 

2.60 

5.80 

OmI  . 

Ont  hnll.«?  . 

The  figures  for  rolled  oats  are  the  average  of  a  large  number  of  factory 
tests  made  during  a  single  season.  The  oat  bran  is  the  true  bran  of  oat 
groats  from  which  the  starch  has  been  removed  by  washing,  which  may 
have  removed  water-soluble  constituents  to  some  extent.  It  is  not  a 
commercial  product. 

Hulled  Oats  and  Oat  nulls. — These  products  represent  the  extremes— 
the  first,  a  highly  nutritious  human  food,  the  second,  a  waste  product 
of  little  more  value  in  feeding  than  straw  but  now  invaluable  as  the  raw 
material  for  the  manufacture  of  furfural.  Richardson  ^  in  the  eighties 

1  U.  S.  Dept.  Agr.,  Div.  Chem.  Bui.  9. 
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analyzed  both.  The  percentages  of  hulled  oats  in  the  whole  grain 
ranged  from  55.37  to  79.28  per  cent.  The  average  composition  of  the 
hulled  oats  (179  samples)  and  the  hulls  (100  samples)  was,  respectively: 
water  6.93  and  5.22,  protein  14.31  and  2.48,  fat  8.14  and  — ,  nitrogen- 
free  extract  67.09  and  68.83  (including  fat),  fiber  1.38  and  17.88,  and  ash 
2.15  and  5.59  per  cent.  In  some  instances  the  protein  of  the  hulled  oats 
reached  nearly  20  per  cent  and  the  fat  over  11  per  cent.  The  minimum 
protein  was  over  9  per  cent  and  the  minimum  fat  over  6  per  cent. 

Relation  of  Physical  Characters  to  Composition. — Berry  ^  classified 
700  proximate  analyses  of  oats  according  to  the  color  and  size  of  the  grain 
and  their  protein  and  fat  content.  Black  oats  with  large  kernels  and 
thin  husks  were  the  richest  of  the  cultivated  varieties,  and  wild  oats 
were  even  richer.  The  smaller  kernels  were  richer  in  fat  but  slightly 
poorer  in  protein.  During  the  first  half  of  the  period  of  development 
the  fat  increases  rapidly,  then  remains  stationary;  the  protein  increases 
throughout  the  period. 

Influence  of  Fertilization  on  Composition. — Of  the  numerous  experi¬ 
ments,  only  two  need  here  be  cited. 

Woods  and  Gibson^  have  shown  that  application  of  commercial 
fertilizers  materially  increases  the  protein  content  of  the  grain.  This 
was  particularly  marked  when  the  fertilizer  was  nitrogenous,  nitrate  of 
soda  increasing  the  protein  content  2.59  per  cent;  sulphate  of  ammonia, 
1.03  per  cent;  and  dried  blood,  0.76  per  cent,  on  the  water-free  basis. 
Nitrogen-free  extract  and  fat  were  increased  to  a  lesser  extent,  and  the 
fiber  was  decreased. 

Tretiakov  ^  raised  the  protein  content  of  oats  from  11.38  to  12.81  per 
cent  by  fertilizing  with  stable  manure. 

Influence  of  Soil  and  Climate  on  Composition.— Whether  due  to  one 

or  both  causes,  Chamberlain  (see  table  above),  in  an  extensive  investiga¬ 
tion,  has  demonstrated  that  domestic  oats  are  distinctly  higher  in  protein 
but  somewhat  lower  in  fat  than  the  European  grown  grain;  further,  that 
uropean  varieties  on  American  soil  acquire  the  characteristics  of  the 


true  proteins  of  oats  are  not  so  well  understood  as 
tnose  ot  the  maize  and  wheat  groups. 

J  P.  Norton  extracted  a  prolamine  with  weak  alcohol  which  he 

obtained  the  same  substance,  although  his 
and  Ritthausens  oat  ghadin  appears  to  have  suffered  change. 
^  Brit.  Assn.  Adv.  Sci.  1912,  M. 

2  Connecticut  Storrs  A^r.  Exp.  Sta.  Rep.  1890,  p.  93. 

4  Pohav.  Selsk.  Khoz.  Opytn.  Stantsii,  1913,  p.  28 

Am.  J.  Sci.  Arts.  (2)  1845,  3,  330;  1848,  5,  22 
®  J.  prak.  Chem.  1869,  107,  17 
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Osborne  ^  prepared  and  analyzed  this  gliadin  (prolamine)  in  a  state  of 
probable  purity. 

A  globulin  or  salt-soluble  protein,  avenalin,  was  obtained  by  Osborne 
in  crystalline  form.  He  states  that  the  gliadin  forms  about  1.25  per 
cent  and  the  avenalin  about  1.5  per  cent  of  the  grain,  the  remainder  of 
the  protein,  excepting  extremely  small  amounts  of  albumin  and  pro¬ 
teose,  being  the  “  insoluble  protein,”  that  is,  the  protein  insoluble  in 
water,  alcohol,  and  salt  solution  but  largely  soluble  in  dilute  alkali. 

The  insoluble  'protein^  if  it  consists  of  a  single  individual,  is  a  glutelin 
(avenin),  analogous  to  the  glutenin  of  wheat.  In  oats  of  average  compo¬ 
sition,  with  11.80  per  cent  of  total  protein,  1.25  per  cent  of  gliadin,  and 
1.50  per  cent  of  avenalin,  there  would  be  9.05  per  cent  of  proteins  to  be 
accounted  for.  How  much  of  this  is  avenin  is  yet  to  be  determined. 

Csonka  ^  has  extended  our  knowledge  of  the  insoluble  proteins  by 
precipitating  the  glutelin  from  a  0.2  per  cent  sodium  hydroxide  extract 
by  adding  ammonium  sulphate  to  0.018  saturation.  Its  isoelectric 
point  is  about  jyll  6.45.  No  other  glutelin  was  found  in  oats. 

Lliers  and  Siegert  ^  have  isolated  five  proteins  from  oats:  (1)  an 
albumin,  (2)  a  globulin  soluble  in  10  per  cent  cold  salt  solution,  (3)  a 
globulin  soluble  in  10  per  cent  salt  solution  at  65°  C.,  (4)  a  prolamine, 
and  (5)  a  glutelin  precipitated  from  a  0.2  per  cent  potassium  hydro.xide 
extract  by  acetic  acid.  The  prolamine  resembles  gliadin  and  hordein 
but  has  a  higher  cystine  content  (3.7  per  cent). 

Ultimate  Composition— analyses ^  of  the  three  chief  pro¬ 
teins,  which  he  obtained  sufficiently  pure  to  warrant  study,  follow: 


Ultimate  Composition  of  Oat  Proteins  (Osborne) 


Avenalin 

(globulin) 

Gliadin 
(glutin  of 
Norton) 

Avenin 

(glutelin) 

Carbon . 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

% 

52.19 

7.00 

17.86 

0.65 

22.30 

% 

53.01 

6.91 

16.43 

2.26 

21.39 

% 

53.56 

7.09 

16.20 

0.90 

22.25 

ICO. CO 

100.00 

100.00 

1  Am.  Chem.  J.  1891,  13,  327,  385;  1892,  14,  212. 

2  J.  Biol.  Chem.  1927,  76,  189. 

3  Biochem.  Z.  1924,  144,  467. 

^  Loc*  cit» 
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So-called  “  secondary  proteins  ”  were  also  prepared  and  analyzed,  but 

he  believed  them  to  be  alteration  products. 

Csonka  ^  found  the  composition  of  oat  glutelin  to  be  as  follows : 


% 

Carbon .  52.60 

Hydrogen .  6.56 

Nitrogen .  17.53 

Sulphur .  0  81 

Phosphorus .  trace 

Ash . .  0.28 


Amino  Acids  of  Oat  Proteins. — A  little  more  than  half  of  the  total 
amount  of  amino  acids  of  the  avenin  of  oats  has  been  accounted  for  by 
Abderhalden  and  Hiimalainen  “  as Jollows : 

Amino  Acids  of  Avenin  (Abdehiialden  and  Hamalainen) 


% 

Glycocoll .  1.0 

Alanine .  2.5 

Valine .  1.8 

Leucine .  15.0 

Aspartic  acid .  4.0 

Glutamic  acid .  18.4 

Tyro.sine .  1.5 

Phenylalan  ine .  3.2 

Proline .  5  4 


52  8 

By  Van  Slyke’s  method,  Csonka  ^  obtained  from  water-  and  ash-free 
oat  glutelin:  cystine  2.99,  arginine  8.33,  lysine  4.98,  histidine  2.26,  and 
ammonia  16.37  per  cent.  By  combining  these  figures  with  those  of 
Abderhalden  and  Hamalainen  the  total  reaches  87.7  per  cent.  This 
calculation  may  not,  however,  be  justified  in  view  of  the  possible  differ¬ 
ence  in  the  preparations. 

Jones,  Gersdorff,  and  Moeller  ^  obtained  in  oat  gliadin  3.48  per  cent 
of  cystine  but  no  tryptophane. 

Nitrogen  Distribution  in  Oat  GluUUn.—rhe  results  tabulated  on  the 
following  page  are  in  percentages  of  the  total  nitrogen. 

Nitrogen  Distribution  in  Oats  and  Oat  Products.— The  nitrogen  dis¬ 
tribution  in  the  oat  kernel  by  Van  Slyke’s  method,  as  determined  by 

^  Loc.  cit. 

2  Z.  physiol.  Chem.  1907,  62,  515. 

®  Loc.  cit. 

GI.  Biol.  Chem.  1924,  62,  183. 
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Liiers  and 
Siegert 

Csonka 

Ilumin  N . 

% 

% 

2.89 

1  42 

Cystine  N . 

1.52 

1.99 

.•\rginine  N . 

14.43 

15.30 

Lysine  N . 

4.39 

5.45 

Histidine  N . 

7.24 

3.49 

.\inino  N  of  filtrate . *..... 

52.35 

54.71 

Xon-amino  N  of  filtrate . 

4.08 

2.32 

Amide  N . 

12.19 

13.46 

Total . 

99.09 

• 

98.14 

Hamilton,  Nevcns,  and  Grindley,^  was  found  to  be  as  follows:  amide 
nitrogen  11.42,  humin  nitrogen  5.53,  cystine  nitrogen  0.94,  arginine 
nitrogen  11.65,  histidine  nitrogen  5.80,  lysine  nitrogen  2.84,  mono¬ 
amino  nitrogen  42.14,  non-amino  nitrogen  3.86,  ether-soluble  nitrogen 
0.57,  alcohol-soluble  nitrogen  1.22,  non-protein  nitrogen  soluble  in  tri¬ 
chloracetic  acid  in  filtrate  from  colloidal  iron  11.13,  nitrogen  lost  in  j 
method  of  analysis  1.90;  total  nitrogen  99.00;  total  basic  nitrogen  21.23  j 
per  cent. 

Nollau^  found  much  more  cystine,  histidine,  and  non-amino  nitro¬ 
gen  than  the  above  but  no  lysine  nitrogen  except  in  sprouted  oats,  ' 
which  contained  0.7  per  cent. 

Free  Amino  Acids,  Acid  Amides,  and  Polypeptides. — Determina¬ 
tions  by  Jodidi,^  made  in  the  water  extract,  appear  in  the  table  below.  ; 

Fat  (Ether  Extract).— Oat  oil  appears  to  have  been  ignored  by  oil  ; 
chemists,  doubtless  because  there  has  been  no  reason  for  its  commercial 
preparation.  It  is,  however,  of  interest  to  the  agricultural  chemist  and 
nutritionist  as  a  constituent  of  the  kernel  but  not  for  removal. 

Physical  and  Chemical  I'a/wcs.— Stellwaag  and  PauD  obtained 
similar  figures  in  the  examination  of  the  extracted  fat.  Paul  employed 
petroleum  ether  as  the  solvent  under  pressure  and  removed  the  lecithin 
from  the  extract.  The  principal  results  of  the  two  analysts  appear  below. 

Paul  also  reports  the  following  values  of  the  fatty  acids:  acid  value 

M.  Biol.  Chem.  1921.  43,  249.  it 

2.J.  Biol.  Chcm.  1915,  21,  Oil. 

3  J.  Frank.  Inst-  1924,  198,  201;  L  Agr.  Res.  1925,  30,  989. 

^  Landw.  V  ers.-Stat.  181K),  37,  135. 

3  Analyst,  1921,  46,  238. 
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Disthibution  of  Non-protein  Nitrogen  in  Oats  (Jodidi) 


Acid  amide  N 

Amino  acid  N 

Peptide  N 

%' 

/o 

% 

In  oven-dried  oats: 

Swedish  Select . 

0.051 

0.064 

0.106 

Victory . 

0.029 

0.040 

0.073 

lowar . 

0.046 

0.057 

0.084 

Winter  Turf . 

0.027 

0.025 

0.032 

In  total  nitrogen: 

Swedish  Select . 

1.95 

2.48 

4.10 

Victory . 

1.45 

2.02 

3.63 

lowar . 

1.93 

2.35 

3.49 

Winter  Turf . 

1.80 

1.65 

2.15 

196.6,  mean  molecular  weight  284.8,  iodine  number  127.1,  melting  point 
27.5°  C.,  and  refractive  index  1.4635. 


Values  of  Oat  Oil 


- 

Sp.  gr. 
15°/15° 

Ref. 
index 
40°  C. 

Melting 

point 

Saponi¬ 

fication 

No. 

Iodine 

No. 

(Wijs) 

Acid, 

free 

as  oleic 

Neutral 

fat 

Fatty 

acids 

insol. 

Unsap. 

matter 

Stellwaag. . 
Paul . 

0.925 

1.4701 

°  C. 

20 

8 

192.4 

189.8 

114.2 

35.4 

34.7 

% 

59.2 

64.0 

92.8 

93.0 

% 

2.65 

1.30 

Carbohydrates. — Sugar  and  dextrin  in  25  analyses  reported  by  Aloser 
and  co-workers  i  varied  from  2.04  to  5.27  per  cent,  the  remainder  of  the 
nitrogen-free  extract  being  calculated  as  starch. 

In  rolled  oats  of  average  composition  Carl  Miner  reports  52  1  per 

cent  of  starch  and  3.8  per  cent  of  pentosans.  In  oat  bran  the  percentage 
of  starch  was  45.2. 


Porphyratin,  according  to  Schumm  and  Mertens  2  is  present  in  oats. 
It  IS  believed  to  be  identical  with  animal  hematin.  Porphyrin,  prepared 
trom  it,  corresponds  with  hemateric  acid. 

Phosphorus-Organic  Compounds.  Lecithin.—'No  result  available 
P/iylm^-From  the  oat  kernel  Anderson  ^  extracted  organic  phos¬ 
phoric  acid  which  formed  with  barium  two  compounds,  one  crystalline 
such  as  was  obtained  from  cottonseed  meal,  which  he  regards  as  a  salt 
1  Landw.  Vers.-Stat.  1882,  27,  209. 

Z.  physiol.  Chem.  1926,  168,  77. 

M.  Biol.  Chem.  1914,  17,  151. 
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of  inosite  hexaphosphoric  acid,  the  other  amorphous  and  apparently, 
the  same  as  the  phytin  of  wheat  bran.  ^  ^ 

C  H  pcntaphosphoric  acid, 

C6H6(0H)(H2P()4),.>.  lie  found  that  the  phosphorus  in  this  compound 

orms  81  per  cent  of  the  total  phosphorus,  the  remainder  being;  inor¬ 
ganic  phosphoric  acid  8  per  cent  and  other  forms  of  organic  combination 
1 1  per  cent. 


Determination  of  phytin  by  Averill  and  King  -  yielded  0.77  per  cent 
calculated  as  inosite  hexaphosphoric  acid. 

Lindenbaunr'^  obtained  from  oat  flour  the  following  amounts  of 
phosphoric  acid  (P2O5) :  phytic  0.573,  mineral  0.084,  and  in  other  organic 
combination  0.133  per  cent,  thus  confirming  the  results  of  the  foregoing 
investigators.  The  optimum  reaction  for  the  enzyme  converting  the 
organic  into  inorganic  phosphoric  acid  was  pH  4.9  to  5.75. 

Nucleic  Acid. — See  Wheat. 

Enzymes.  Hmy/ase.— Baker  and  Hulton-*  found  that  the  amylase 
from  oats  dissolves  starch  paste  slowly  and  from  potato  starch  forms  at 
50°  C.  only  crystalline  maltose,  suggesting  that  the  starch  molecule 
consists  of  condensed  maltose  residues.  The  amylase  from  germinated 
oats,  on  the  other  hand,  dissolves  starch  paste  rapidly,  forming  dextrin — 
a  substance  related  to  malto-dextrin — and  what  appeared  to  be  maltose. 

^IclUgsc  is  present  in  only  small  amount,  according  to  Wierzchowski.^ 

Protease  was  detected  but  not  determined  by  Giesen.® 

Mineral  Constituents. — Early  analyses  of  the  ash  of  oats  are  quite 
as  accurate  as  some  made  recently,  excepting  the  figures  for  iron  which 
are  doubtless  too  high.  The  averages  of  analyses  made  by  Way  and 
Ogston  ^  and  by  Wolff  ®  are  respectively  as  follows: 


Composition  of  Oat  Ash 


K2O 

NasO 

CaO 

MgO 

Fe203 

P2O6 

SO3 

Si02 

Cl 

W  .  and  0 . 

% 

16.6 

16.4 

% 

2.6 

2.2 

% 

3.8 

3.7 

% 

7.0 

7.1 

% 

0.5 

0.7 

% 

22.6 

23.0 

% 

1.6 

1.4 

% 

44.9 

44.3 

% 

0.6 

0.6 

Wolff . 

^  J.  Am.  Chem.  Soc.  1918,  40,  523;  Arkansas  Agr.  Exp.  Sta.  Bui.  138. 
M.  Am.  Chem.  Soc.  1926,  43,  724. 

3  Bui.  Acad.  Polonaise,  1926B,  1041. 

*  J.  Chem.  Soc.  1929,  1655. 

®  Biochem.  Z.  1913,  57,  125. 

*  Inaug.  Dis.  Bern,  1909. 

^  Liebig:  Chemie  in  ihre  Anwendung  auf  Agricultur,  1865,  1. 

*  Aschenanalysen,  1880. 
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Minor  Mineral  Constituents.  Iron. — Oat  meal  37  mg.  per  kilo  (Sherman).  ^ 
Spring  oats,  8  samples,  34  to  78,  aver.  6D  mg.  per  kilo,  dry  basis  (McHargue).^ 

A/wmmMW.— Oats  5.2  mg.  per  kilo,  dry  basis  (Bertrand  and  Levy).^ 

Manganese.— 23  mg.  per  kilo,  dry  basis  (Wester). Spring  oats,  8  samples 
above  noted,  35  to  60,  aver.  49  mg.  per  kilo,  dry  basis  (McHargue).^  Oats  8.8  mg.  per 
kilo,  air  dry  basis  (Quartaroli).5  Oats,  5  varieties,  66  to  204  mg.  per  kilo,  dry  basis 
(Davidson).® 

Copper. — Oats  17.1  mg.  per  kilo,  air  dry  basis  (Guerithault);'^  3.81  mg.  per  kilo, 
air  dry  basis  (Quartaroli).® 

Zinc. — Oats  32  to  49  mg.  per  kilo,  air  dry  basis  (Birckner).®  Oats  22  mg.  per 
kilo,  dry  basis  (Bertrand  and  Benzon)®. 

Arsenic. — Oat  kernel  0.5  mg.  per  kilo  (Jadin  and  Astruc).^® 


WILD  OATS 

Avena  fatua  L. 

Fr.  Folle  avoine.  Sp.  Avena  silvestre.  It.  Avena  sterile.  Ger.  Flughafer. 

AVhether  or  not  this  form  of  oats  is  the  progenitor  of  the  cultivated 
varieties,  it  is  at  least  a  closely  related  species,  with  gross  and  minute 
structure  much  the  same. 

MACROSCOPIC  STRUCTURE. — As  grown  in  American  grain 
fields  and  separated  in  the  screenings,  the  grain  is  commonly  dark  gray- 
brown  with  a  prominent  strongly  twisted  awn  (Fig.  80).  Some  culti¬ 
vated  varieties  also  yield  dark-colored  oats,  but  these  have  other  char¬ 
acters  corresponding  with  the  light-colored  varieties,  whereas  wild  oats 
differ  in  having  conspicuous  hairs  on  the  rachilla  and  at  the  base  of  the 
flowering  glume  and  awn  of  both  fruits. 

MICROSCOPIC  STRUCTURE. — As  seen  under  th^  microscope,  the 
hairs  of  the  chaff  (Fig.  81)  reach  over  5  mm.  in  length  and  40  p  in  breadth 
in  the  central  portion  but  only  about  half  that  breadth  at  the  base.  The 
lumen,  which  does  not  differ  greatly  from  the  walls  in  thickness,  con- 

1  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 

2  J.  Agr.  Res.  1923,  23,  395. 

*  Compt.  rend.  1931,  192,  525. 

^  Biochem.  Z.  1921,  118,  158. 

®  Ann.  chim.  appl.  1928,  18,  47. 

®  Cereal  Chem.  1929,  6,  128. 

^  Compt.  rend.  1920,  171,  196. 

« J.  Biol.  Chem.  1919,  33,  191. 

®  Bui.  soe.  hyg.  aliment.  1928,  16,  457. 

Compt.  rend.  1912,  155,  291. 
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tains  either  a  dark  brown  or  a  colorless  substance.  In  addition  to  long 
forms,  very  short  hairs,  100  n  or  less  in  breadth,  also  occur. 


Fig.  80. 


Fig.  81. 


Fig.  80. — Wild  Oats.  Two-friiitod  spikelet.  (See  Fif^.  70,  I.)  X2.  (.\.L.W.) 

F IG.  81. — Wild  Oats.  Apc.x,  middle,  and  base  of  hair  3.2  mm.  long  from  rachilla. 
XHiO.  (A.L.W.) 


Chief  Structuual  Characters. — Grain  dark  colored;  rachilla  and 
base  of  flowering  glume  and  awn  bristly.  Otherwise  like  cultivated  oats. 


MANNA  GRASS 

Ghjceria  jlnitnns  11.  Br.  =  Panicularia  fluitans  (L.)  Kuntze. 

Fr.  Herbe  a  la  manne.  Ger.  Mannagras. 

This  species  grows  wild  in  swamps  of  Fairope  and  America.  Accord¬ 
ing  to  T.  F.  Hanausek  ^  the  grain  is  sold  in  the  market  places  of  Danzig, 
Elbing,  and  Konigsberg  and  is  used  for  making  soups.  Although  of 
relatively  small  importance  as  food,  its  study  gives  a  better  insight  into 
the  tribe  Festucese  to  which  belong  Poa,  Festuca,  and  other  genera  of. 
agricultural  grasses.  The  specimen  examined  was  from  Simferpol, 
Crimea,  furnished  by  Mr.  II.  S.  Skeels,  Office  of  Seed  and  Plant  Intro¬ 
duction,  Bureau  of  Plant  Industry. 

MACROSCOPIC  STRUCTURE.— The  spikclefs  are  borne  in  long 

one-sided  panicles.  The  number  of  flowers  in  the  spikelet  varies  up  to 
twelve.  At  maturity,  the  fruit,  which  readily  separates  from  the  envel¬ 
oping  flowering  glume  and  palet,  resembles  a  grain  of  wheat  in  shape 

Nuhr.-Genuss.  aus  dem  Pflanzenreiche.  Kassel,  1884,  j).  56. 
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but  is  only  2  to  2.5  mm.  long,  beardless,  brown,  and  lustrous;  further¬ 
more,  the  groove  is  relatively  broad  and  shallow.  The  flowering  glume 
is  4  to  5  mm.  long,  blunt,  with  seven  prominent  ribs;  the  palet  is  thin 
and  without  nerves.  Both  bear  short  stiff  hairs,  visible  under  a  lens, 
which  make  the  surface  rough  to  the  touch.  Somewhat  longer  hairs 
occur  on  the  nerves. 

MICROSCOPIC  STRUCTURE. — Harz  ^  has  made  a  comparative 
study  of  the  fruits  of  G.  fluitans,  G.  spectabilis,  and  Festuca  elatior  in  cross 
section  but  not  in  surface  view. 

Flowering  Glume  and  Palet. — These  are  remarkable  for  their  stiff 
hairs.  Although  thick- walled  these  are  so  broad  at  the  base  (often 
15  ;u)  that  the  lumen  is  broader  than  the  walls.  The  hair  scars  or  round 
cells  are  correspondingly  broad.  Sometimes  they  are  accompanied  by 
crescent  cells.  The  elongated  cells  alternating  with  the  hairs  are  often 
indistinct  in  outline. 

Pericarp.— In  cross  section,  details  of  structure  are  not  clear  until 
after  special  treatment  as  with  sodium  hydroxide  or  Javelle  water  and 
staining  with  chlorzinc  iodine  or  safranin. 

In  surface  view,  three  layers  are  evident  i  (1)  epicarp  of  transversely 
much  elongated  narrow  cells,  often  side  by  side  in  rows,  (2)  vermiform 
cross  cells  occurring  here  and  there,  and  (3)  numerous  tube  cells. 

The  epicarp  cells  because  of  their  transverse  elongation  are  remark¬ 
able. 


Spermoderm.  Equally  remarkable  are  the  cells  of  this  coat,  which 
reach  10  ^  m  thickness  as  seen  in  cross  section.  The  radial  walls  are 
t  in,  the  tangential  walls  thick  and  become  still  thicker  on  treatment 
with  sodium  hydroxide.  A  cuticle  is  present  on  both  the  outer  and 
inner  surface  of  this  layer,  staining  yellow  with  chlorzinc  iodine,  whereas 
the  walls  proper  stain  blue.  In  surface  view,  the  cells  are  more  or  less 
rectangular,  nearly  isodiameteric  and  arranged  often  in  rows. 

ensperm  —  This  layer  is  seldom  evident  in  cross  section,  even  after 
reatrnent  with  the  reagents  and  stains  named  above.  In  surface  view 
the  cells  may  often  be  seen.  They  are  narrow,  more  or  less  elongated’ 

eX  indistinctly  beaded.  ’ 

‘  Samenkunde.  Berlin,  1885,  p.  1302. 
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CHEMICAL  COMPOSITION. — An  analysis  by  Ilartwich  and 
Ilakanson^  gave: 


Water 

Protein 

Fat 

Starch  and 
sugar 

Fiber 

Ash 

% 

13.54 

% 

9.09 

% 

0  43 

% 

75.00 

% 

0.21 

% 

0.01 

CORACAN 


Eleusine  coracana  Gaerln.  =  Cynomrus  coracanus  L. 


Oer.  Fingcrhirse. 


This  cereal,  also  known  as  African  millet,  like  the  sorghums  and  pearl 
millet  {Pennisetum  typhoideiitn  Rich.)  is  extensively  grown  by  the 
natives  in  central  and  southern  Africa  and  to  some  extent  in  Egypt  and 
Abyssinia.  Its  cultivation  is  by  no  means  limited  to  Africa,  in  fact  De 
Candolle  emphasizes  its  occurrence  in  India  and  the  Malay  Archipelago 
and  concludes  that  India  is  its  country  of  origin.  Narayana  and 
Norris  ^  state  that  under  the  name  of  “  ragi it  is  the  staple  crop  of  the 
state  of  Mysore,  India,  where  it  forms  the  chief  diet  of  the  lower  classes. 

De  Candolle’s  statement  that  its  cultivation  is  not  widespread  in 
Africa  is  at  variance  with  the  reports  of  other  scientists.  Warburg  ^  did 
not  find  it  in  southern  Angola  but  refers  to  its  importance  in  central 
Africa  and  mentions  its  Kaffir  name  “  luku.”  Alitlacher  states  that 
coracan  ranks  with  sorghum  as  a  staple  cereal  in  central  Africa  and  that 
it  is  grown  in  German  East  Africa  under  the  name  “  nimbi.”  He  also 
refers  to  its  cultivation  in  Japan  and  southern  China  as  well  as  in  India 
and  the  Sunda  Islands.  V.  Dalla  Torre  ^  agrees  with  Mitlacher  as  to  its 
distribution  and  considers  it  the  chief  food  of  the  African  natives.  He 
believes  it  to  be  a  form  of  E.  indica.  Reverend  Fred  R.  Bunker,  who 
spent  thirty  years  in  Rhodesia  and  neighboring  provinces,  has  stated 
to  the  writers  that  it  has  long  been  a  common  bread  cereal  of  the  Aman- 
dau  people  of  Mozambiciue,  lieing  known  as  “  upoko  ”  or  “  umngoza,  ■ 
furthermore  that  it  yields  bread  of  excellent  flavor  notwithstanding  the 
statements  that  it  has  a  bitter  taste. 


1  Z.  Unters.  Nahr.-Genussrn.  1905,  10,  143. 

2  J.  Ind.  Inst.  Sci.  1928,  HA,  pt.  8,  91. 

3  Kunene-Sambesi  Expedition,  p;  488. 

<  Z.  allg.  oesterr.  Apoth.-Ver.  1901,  813,  831,  850,  875,  899,  9-8. 
^  Real.-Enz.  ges.  Pharm.  Berlin,  2  Aufl.  1905,  4,  034. 
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MACROSCOPIC  STRUCTURE— Unlike  all  other  common  cereals 
the  fruit  is  a  utricle  with  a  thin,  papery  pericarp  which  is  not  grown  to  the 
seed.  The  seed  is  irregularly  globular  or  oval,  1  to  1.5  mm.  in  diameter, 
of  a  rich  red-brown  color.  As  seen  under  a  lens  the  surface  is  roughened 
by  numerous  warts  arranged  in  irregular  longitudinal  rows,  and  the  loca¬ 
tion  of  the  embryo  is  marked  by  a  flattened  or  depressed  area  extending 
from  the  base  to  beyond  the  middle  of  the  seed. 

MICROSCOPIC  STRUCTURE. — Most  authors  either  ignore  this 
cereal  or  merely  give  it  passing  mention.  Mitlacher,^  however,  describes 
its  structure  in  detail. 

Pericarp. — Mitlacher  observes  that  the  tissues  are  collapsed  and  show 
little  structure  except  at  the  base,  where  he  found  remains  of  the  epicarp 


Fig.  82. 

Fig.  82.  Coracan.  Seed  in  cross  section. 


Fig.  83. 


....  -  — Sperraoderm:  aep  outer  epiderm 

Chyma™  xlS!  ‘"(Hw.f™'  paren- 

X1TO.°  Spermoderm  m  surface  view  shog^ing  outer  epiderm. 


tinrt  iJk (middle  layer)  with  thick  but  indis- 
thi/t!  f‘ave  found  only  one  distinct  layer  at  the  base  and 

«™rr.z.s.  “.r.  *1  “™” 

after  long  search,  in  coracan  it  is  strongly  developed 

brown  ce^ealrh  ^an 

^  Loc.  cit. 
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in  irregular  longitiulinal  rows.  In  suitable  mounts  the  cuticle  shows  a 
finely  granular  surface. 

Alitlacher  states  that  these  cells  in  surface  view  are  elongated  and 
each  has  two  or  three  warts  in  a  row.  His  illustration  further  shows 
this  conception  of  the  structure.  It  is  true  that  the  appearance  of  an 
untreated  surface  preparation  often  is  consistent  with  his  interpretation, 
but  on  heating  with  sodium  hydroxide  it  may  be  demonstrated  that  the 
cells  are  isodiametric,  each  with  a  single  wart.  The  walls  parallel  to  the 
axis  of  the  seed  are  more  or  less  distinctly  wavy  and  clearly  evident 
without  special  treatment,  but  the  walls  at  right  angles  to  these  are 
nearly  straight  and  not  always  evident  in  untreated  mounts. 

The  inner  epiderm  {iep),  as  in  wheat,  is  darker  than  the  outer  epiderm. 
As  may  be  seen  in  cross  section,  the  outer  and  inner  walls,  especially 
after  treatment  with  sodium  hydroxide,  are  swollen,  whereas  the  radial 
walls  are  thinner.  In  surface  view,  this  layer  is  not  commonly  seen,  as 
it  is  closely  adherent  to  the  outer  epiderm.  Alitlacher  states  that  after 
long  soaking  in  sodium  hydroxide  the  two  layers  may  be  separated. 
Thus  obtained,  the  cells  of  the  inner  epiderm  are  seen  to  have  wavy 
walls  which  appear  to  form  two  layers  owing  to  the  tipping  over  of  the 
radial  walls. 

Endosperm  (Fig.  82). — The  aleurone  cells  (al)  are  small  and  form  a 
thin  layer.  They  resemble  the  aleurone  cells  of  broom  corn.  The 
starch  cells  (arn)  contain  starch  grains  like  those  of  maize  and  sorghum 
but  of  smaller  size,  seldom  if  ever  exceeding  20  fj.  in  diameter.  Polygonal 
grains  occur  in  the  outer  horny  portion,  round  grains  in  the  floury  cen¬ 
tral  portion.  Aggregates  of  from  two  to  many  grains  occur  in  limited 

numbers. 

Embryo— This  is  relatively  large.  The  radicle,  according  to  Alit¬ 
lacher,  extends  from  the  rather  long  hypocotyl  outward  at  nearly  right 
angles  to  the  axis  of  the  plumule. 

Chief  Stiiuctukal  Chauacteus. — Pericarp  papery.  Seed  loose, 


brown. 

Spermoderm  with  warty,  wavy-walled  outer  epiderm.  Starch  grams 

of  maize  type  but  smaller.  .  t  j- 

CHEMICAL  COMPOSITION.— Church  ^  in  his  study  of  Indian 

foods  analyzed  whole  and  husked  coracan;  Adolph  ^  gives  an  analysis 
made  in  China  where  the  grain  is  known  as  Ts'au-tzu;  and  Narayana 
and  Norris  ^  give  the  average  composition  of  the  whole  gram  from 

India. 


1  Watt’s  Diet  Econ.  Prod.  India,  Calcutta,  1889. 

2  Philippine  J.  Sci.  1926,  30,  287. 

3  Loc.  cit. 
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Composition  of  Coracan 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Church: 

% 

% 

% 

% 

% 

% 

Whole  grain . 

12.5 

5.9 

0.8 

74.6 

3.6 

2.6 

Husked  grain . 

13.2 

7.3 

1.5 

73.2 

2.5 

2.3 

Adolph . 

8.50 

5.84 

5.75 

74.26 

2.01 

3.64 

Narayana  and  Norris .... 

0.00 

8.4 

1.7 

83.8 

3.4 

2.7 

Balland^  gives  the  composition  of  the  grain  of  E.  stricta  as:  water 
13.50,  protein  6.76,  fat  1.15,  nitrogen-free  extract  70.94,  fiber  4.35,  and 
ash  3.30  per  cent. 

Proteins— Narayana  and  Norris  ^  found  that  the  protein  matter  of 
the  grain  consisted  largely  of  a  prolamine  to  which  they  gave  the  name 
eleusinin.  It  was  soluble  in  70  per  cent  alcohol  and  was  separated  by 
evaporation  under  reduced  pressure  until  a  precipitate  appeared,  when 
the  liquid  was  filtered  and  the  filtrate  poured  with  stirring  into  ten  vol¬ 
umes  of  distilled  water.  Sodium  chloride  precipitated  eleusinin  in  the 
form  of  plates.  It  was  purified  by  repeated  solution  and  reprecipitation 
and  finally  extracted  with  ether  to  remove  the  fat. 

The  Ultimate  Composition  was  found  to  be: 


% 

Carbon .  53  29 

Hydrogen .  7  35 

Nitrogen . . .  1591 

Oxygen .  23.34 


99.89 

MiTOffen  Distrihuiion.—mtamev’s  modification  of  Van  Slvke’s 
me  ,  od  yielded  the  following  amounts  of  nitrogen  in  the  different  forms 

amToN273'ftTf''^^V^-*M  "i^ogen;  amino  N  69.03,  non- 
ammo  ^  2.13  (total  non-basic  N  71  16)*  armninp  M  9  no  i  •  at  ^  / 

histidine  N  2.69  (total  basic  N  5  93)  amS  ’  Tm 

N  0.87,  soluble  humin  N  0.28-  total  ^7^  T  ’ 

phane  N  were  present,  but  cystine  N  probably  wls  nof 

Enzymes.-.4„i,,a,,  of^coracan,  as  e.xamined  by  Patwardhan  and 

1  Compt.  rend.  1902,  135,  1079. 

^  Loc.  cit. 
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Narayana,!  had  greater  diastatic  power  than  that  of  maize  malt  but 
less  than  that  of  barley  malt. 


DARNEL 

Lolium  tcmulentum  L. 

Fr.  Ivraie.  Sp.  Cizana.  It.  Doglio.  Ger.  Taumellolch. 

European  investigators  consider  this  weed  seed  highly  objectionable 
in  grain  because  of  the  presence  of  temulin,  a  poisonous  principle.  It 
occurs  not  only  in  European  grain  fields  but  also  in  the  American  North¬ 
west  and  California.  Darnel  is  thought  to  be  the  “  tares  ”  of  Scripture. 

MACROSCOPIC  STRUCTURE. — The  spikelet  is  four-  to  eight- 
flowered.  The  single  empty  glume,  at  the  base  of  the  spikelet  away 
from  the  rachis,  remains  with  the  straw  on  threshing.  The  flowering 
glume  of  each  flower  is  6  to  8  mm.  long,  equaling  or  exceeding  the  fruit 
(caryopsis),  obscurely  five-nerved  and  lobed  at  the  end.  It  bears  an 
flu'n  up  to  15  mm.  or  more  in  length.  The  palet  is  of  thinner  texture,  two- 
keeled,  and  winged.  A  groove  occurs  on  the  ventral  side  as  in  wheat  but 
is  relatively  broader  and  deeper.  Both  flowering  glume  and  palet 
closely  invest  the  fruit. 

MICROSCOPIC  STRUCTURE. — Winton  ^  finds  two  layers  of  cells 
each  in  the  spermoderm  and  perisperm,  thus  disagreeing  with  Vogl,-*^ 
who  finds  two  and  one,  and  Villiers  and  Collin,-*  who  find  one  and  two, 
respectively.  The  curious  fungous  layer  has  been  studied  by  Vogl,^ 
Hanausek^  and  Nestler.^ 

Flowering  Glume. — Over  the  body  of  the  grain  four  coats  are  present 
as  in  other  chaffy  cereals:  (1)  outer  epiderm  (Fig.  84)  made  up  of  wavy- 
walled  cells  both  short  and  long,  round  cells,  twin  cells  (one  of  which  may 
be  a  round  cell),  and  row's  of  stomata,  (2)  hypoderm  fibers,  (3)  spongy 
parenchyma  with  more  or  less  quadrilateral  cells,  and  (4)  inner  epiderm 
of  thin-walled  cells  and  stomata. 

The  outer  epiderm  is  remarkable  for  the  great  number,  large  size,  and 
pitted  walls  of  the  round  cells,  which  in  parts  occupy  the  greater  part 

^  J.  Indian  Inst.  Sci.  1930,  13A,  38. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1903,  165;  Z.  Enters.  Nahr.-Genussm.  1904, 
7,  321. 

3  Wicht.  Nahr.-Genussm.  Berlin,  1889,  p.  32. 

4  Traits  des  alt^'rations  et  falsifications  des  substances  alimentaires.  Paris,  1900, 
p.  92.  In  2nd  Ed.  (1909)  cut  and  text  are  revised  to  show  two  layers  in  each. 

3  Loc.  cit. 

®  Ber.  deut.  bot.  Ges.  1898,  16,  203. 

7  Ibid.  207. 
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of  the  area,  reducing  the  length  of  the  wavy-walled  cells  or  crowding 
them  out  entirely.  Although  the  walls  of  the  wavy-walled  cells  are 
thick,  they  are  indistinct, 
whereas  the  middle  lamella 
is  conspicuous,  giving  the 
appearance  of  thin-walled 
cells.  On  the  thin  borders 
the  wavy-walled  cells  become 
straight-walled,  and  the  only 
other  elements  are  short, 
often  hooked,  Aazrs  with  broad 
base  (Fig.  85). 

Hypoderm  fibers  occur  not 
only  as  the  second  coat  of 
the  flowering  glume  but  also 

as  the  chief  tissue  of  the  awn.  Darnel.  Middle  portion  of  flowering 

_  glume  in  surface  view  showing  outer  epiderm.  X 160. 

Palet. — Although  of  the  (a.l.w.) 
same  general  structure  as  the 

flowering  glume,  the  palet  is  thinner  and  more  membranous,  owing  to 
the  absence  of  a  continuous  well-developed  hypoderm  coat. 


Fig.  85: 


Fig.  86. 


o,.  flowe'-inK  K'ume  in  surface  view  showing 

outer  epiderm  With  hairs.  X160.  (A.L.W.)  owing 

Fig.  86 —Darnel.  Keel  of  palet  in  surface  view  showing  outer  epiderm  with 
hairs  and  stomata.  X160.  (A.L.W.)  ^  epiaerm  with 


g|.  Je"  "T  ‘hough  for  the  most  part  like  that  of  the  flowering 

glume,  IS  characterized  by  the  presence  of  thorn-like  hairs  on  the  keels 
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(Fig.  86).  The  prcsonco  of  stomata  and  the  absence  of  round  colls 
this  region  are  noteworthy. 

Pericarp  (Fig.  87,  F;  Fig.  88). — Four  layers  are  normally  present: 
(1)  epicarp  {ep)  of  indistinctly  beaded  cells,  elongated  except  at  the  apex, 
where  they  are  isodiametric,  (2)  hypoderm  (m)  made  up  of  various 
shaped  cells,  (3)  cross  cells  (7),  and  (4)  tube  cells  or  endocarp  {sch). 

The  hypoderm  is  well  developed  at  the  angles  but  absent  in  parts. 
The  tube  cells  form  an  interrupted  layer  and  in  parts  run  into  spongy 
parenchyma,  h^specially  striking  are  the  cross  cells,  which  suggest  the 

corresponding  cells  of  barley  although  in  only  one  layer. 

Spermoderm  (Fig.  87, 
S’,  Fig.  88). — Surface  prep- 
j  ^  arations  show  the  two 
)  s  layers  of  elongated,  often 
N  diagonally  arranged,  cells 
with  thin  walls,  suggesting 
the  two  spermoderm  layers 
found  in  wheat  and  rye. 
Examined  in  water,  only 
the  inner  of  the  two  layers 
is  usually  seen,  but  by  heat¬ 
ing  with  sodium  hydrox¬ 
ide,  acidifying  with  acetic 
acid,  and  treatment  with 
chlorzinc  iodine  the  other 
layer  is  brought  out. 

In  cross  section  the 
spermoderm  often  sepa¬ 
rates  from  both  the  peri¬ 
carp  and  the  perisperm.  The  outer  layer  (a)  is  characterized  by  an  outer 
cuticle  staining  yellow  and  the  inner  and  radial  walls  staining  blue,  the 
inner  layer  (i)  is  characterized  by  an  inner  cuticle  staining  yellow  and 
the  thicker  walls  swelling  further  by  the  treatment  and  staining  blue. 

Perisperm  (Figs.  87  and  88,  iV).— Treatment  as  above  described 
aids  in  bringing  out  the  two  layers  in  cross  section,  the  cells  being  rect¬ 
angular  and  stained  blue.  After  long  soaking  in  sodium  hydroxide  the 
irregularly  polygonal,  more  or  less  elongated,  form  is  evident  m  surtace 


Fio.  87. — Darnel.  Kernel  in  cross  section.  F  peri¬ 
carp:  ep  epicarp,  m  inesocarp,  q  cross  cells,  sch  tube  cells. 
S  spermoderm:  a  outer  layer,  i  inner  layer.  N  perisperm, 
/  fungous  layer.  E  endosperm:  at  aleurone  cells.  »t 
starch  cells.  X  IbO.  (.\.L.vv'.) 


View. 


I 


I 


w.  1  ( 

Fungous  Layer  (Figs.  87  and  88,  /).— In  most  specimens  a  layer  o 

fungous  hvph®,  about  20  g  thick,  occurs  between  the  “ 

aleurone  layer.  Treated  as  above  described,  the  hyph®  stain  yello  . 

Although  not  an  organic  part  of  the  seed,  the  fungous  layer  is  so  ge  - 
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erally  present  as  to  be  characteristic  and  no  little  aid  in  the  examination 
for  darnel  as  an  impurity  of  mill  products. 

Endosperm  (Fig.  87,  E;  Fig.  88). — Aleurone  cells  (al)  20  to  40  fx, 
and  starch  cells  (st)  with  small  polygonal  grains  up  to  7  fx  in  diameter, 
occurring  in  aggregates,  characterize  the  endosperm.  The  starch  grains 
are  not  distinguishable  from  those  of  oats  and  rice. 

Chief  Structural  Characters. — Grain  chaffy;  kernel  longer  than 
wheat  with  broader  and  deeper  groove. 

Chaff  with  numerous  round  cells  and  thorn-like  hairs.  Epicarp  with¬ 
out  hairs;  cross  cells  thin- walled,  as  in  barley,  but  forming  only  one 


Fig.  88.  Darnel.  Bran  coats  in  surface  view,  ep  epicarp;  m  mesocarp; 
q  cross  cells;  sch  tube  cells;  a  outer  layer  and  i  inner  layer  of  spermoderm;  N  peri- 
sperm;  /  fungous  layer;  aleurone  cells.  X160.  (A.L.W.) 


cell  layer;  modified  tube  cells  forming  spongy  parenchyma.  Fungous 
layer  characteristic.  Starch  of  rice  type. 

I  t  hTo  record  of  a  proximate  analysis 

has  come  to  light,  but  the  composition  may  be  assumed  to  come  within 
the  range  of  that  of  oats. 

f  Hofmeister,!  darnel  contains  a  poisonous  substance, 
lemuhn  classed  as  a  narcotic  alkaloid.  The  hydrochloride  is  stated  to 
have  the  formula  CvH„N.O.HCl.  It  is  supposed  to  owe  its  origin  to  the 
fungus  which  occupies  the  space  between  the  endosperm  and  the  peri- 
^  P  rm  and  which  may  act  on  the  protein  matter  of  the  aleurone  layer. 

^  Abs.  Chem.  Centralbl.  1892,  II,  657. 


186 


CEREALS 


It  this  theory  is  correct,  other  forage  species  of  Loham, .which  according 
to  Neubauer  ^  have  a  fungous  layer,  must  also  be  poisonous. 

Mineral  Constituents. — An  early  analysis  of  the  ash  by  Ramdohr  ^ 
given  below,  although  quantitatively  as  shown  by  the  footing  (104.52) 
somewhat  lacking  in  accuracy,,  is  (|ualitatively  correct  and  is  worthy  of 
notice  because  it  shows  that  recent  work  on  the  rarer  elements  is  but  a 
revival. 
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Brojnus  sccalinus  L. 


Fr.  Brome  des  seigles.  Sp.  Bromo.  It.  Bromo.  Ger.  Trespe. 

In  both  Europe  and  America,  chess,  or  cheat,  is  a  troublesome  weed, 
especially  in  wheat  fields.  In  the  United  States  it  is  a  serious  pest 
chiefly  in  the  soft  wheat  section  of  the  Aliddle  West,  where  Hitchcock 
and  Norton  (Kansas),  Selby  (Ohio),  Beal  (Michigan),  and  others  note  its 
frequent  occurrence,  while  Bolley  and  Waldron  (North  Dakota)  and 
Oswald  (Minnesota),  located  in  the  Northwestern  spring  wheat  section, 
do  not  mention  it  in  their  weed  bulletins. 

It  is  a  popular  belief  that  wheat  degenerates  into  chess. 
MACROSCOPIC  STRUCTURE  (Fig.  89).— The  several-flowered 
spikelet  is  subtended  by  two  empty  glumes  but  these  remain  with  the 
straw'  on  threshing.  The  five-nerved  flowering  glume  tightly  clasps 
the  two-keeled,  two-wdnged  palet,  and  the  fruit,  the  whole  resembling 
darnel  except  that  the  latter  is  longer  awned.  It  may  or  may  not  bear 
an  num  attached  a  little  below  the  tip  and  varying  in  length  up  to  about 
that  of  the  chaff-invested  fruit.  Bristle-hairs  occur  along  the  edges. 
The  palet  lies  close  to  the  fruit,  which  is  deeply  grooved,  and  reaches 

6  mm.  in  length.  The  embryo  is  short  (1  mm.) 

MICROSCOPIC  STRUCTURE.— Vogl  3  and  also  Winton^  have 

published  results  of  histological  studies  of  chaff  and  fruit. 


*  Central})!.  Bakt.  1902,  9,  G52. 

2  Chem.  Centralb.  1856,  p.  349. 

3  Wicht.  Nahr.-Genussm.  Beilin,  1899,  p.  36. 

*  Connecticut  Agr.  Exp.  Sta.  Rep.  1903,  p.  165; 


Z.  Enters.  Nahr.-Genussm.  1904. 


7,  321. 
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Flowering  Glume. — As  in  barley  four  coats  are  present:  (1)  outer 
epiderm  with  narrow,  wavy-walled  long  cells,  and  round  cells,  also  twin 
cells  (Fig.  90),  (2)  hypoderm  made  up  of  thick-walled  fibers,  (3)  spongy 
parenchyma  with  quadrilateral  cells,  and  (4)  inner  epiderm  of  cells  with 
straight,  thin  walls  and  stomata. 

The  round  cells  of  the  epiderm,  unlike  those  of  darnel,  have  wavy 
walls.  At  the  margins  the  tissue  consists  of  elongated  cells  with  thin, 
straight  walls  and  numerous  thorn-like  or  lance-shaped  hairs,  whereas 
in  barley  such  hairs  occur  sparingly  and  only  toward  the  tip. 


Fig.  89. 


Fig.  90. 


Fig.  89  —Chess.  Kernel  with  chaff.  Left,  ventral  side  showing  palet,  covering 
groove  of  kernel,  with  rows  of  hairs  on  keels  and  joint  of  rachilla  at  base.  Right 
showing  veins  of  flowering  glume  and  awn  attached  below  tip.  X5. 

vim°'  view  showing  outer  epiderm. 


Palet.  The  structure  is  much  the  same  as  that  of  the  flowering 
glume  but  the  keels  are  barbed  with  stiff  hairs  up  to  45  a  lone  ^ 

Pericarp  (Fig.  91,  F;  Fig.  92).-Only  two  well-defined  layers  are 
present:  jl)  epicarp  (ep)  with  longitudinally  elongated  polygoLl  cells 
non-porous  walls,  and  (2)  spongy  parenchyma  (?),  the  cells  of  which 
Id  bothTrr longitudinally  elongatedtd  prob  b  y  Irrt 


188 


■CEREALS 


Pensperm  (Figs.  91  and  92,  A^).— OJoinpared  with  the  common  cereals 
this  layer  shows  remarkably  robust  development.  In  cross  section  the 


Fig.  91. — Chess.  Kernel  in  cross  section.  F  pericarp:  ep  epicarp,  g  cross  cells. 
S  spermoclerm.  N  perisiierm.  E  entlosperm:  cl  aleurone  cells,  st  starch  cells. 
XIOO.  (A.L.W.) 


layer  is  40  p  thick  and  botli  outer  and  inner  walls  are  so  swollen  as  to 
nearly  obliterate  the  cavity.  In  surface  preparations,  obtained  by  soak- 


Fio.  92. — Chess.  Bran  coats  in  surface  view,  ep  epicarp;  q  cross  cells;  S  spermo- 
derm;  perisperm;  aZ  aleurone  cells.  XB>0.  (.V.L.W.) 


ing  in  sodium  hydroxide,  the  cells  are  conspicuous  for  their  size  and  often 
for  the  tipped-over  radial  walls,  which  give  them  a  shaded  appearance. 
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Endosperm  (Fig.  91,  E’,  Fig.  92). — The  aleurone  cells  (al)  are  not 
characteristic;  on  the  other  hnad,  the  starch  cells  (st)  are  remarkable 
because  of  the  thick  walls  (10  jj,  or  more)  and  the  more  or  less  elliptical 
starch  grains  up  to  20  ix  with  elliptical  hilum. 

Chief  Structural  Characters. — Fruit  (6  mm.)  grooved,  with  oat¬ 
like  chaff,  awned  or  awnless. 

Palet  with  thorn-like  hairs  on  keels  (distinction  from  barley). 
Flowering  glume  and  palet  with  rectangular  spongy  parenchyma  cells 
(distinction  from  oats),  also  long  cells  and  round  cells  with  wavy  walls 
(distinction  from  darnel).  Perisperm  swollen,  conspicuous  in  cross  sec¬ 
tion.  Endosperm  with  swollen  walls;  starch  grains  elliptical  (20  /x), 
unique. 


TEFF 


Eragrostis  ahyssinica  Link  =  Pea  ahyssinica  Jacq. 

Fr.  Teff.  Ger.  Tef. 

Hackel  considers  this  cereal  as  having  been  derived  from  E.  pilosa 
Beauv.  by  cultivation.  It  is  a  valuable  bread  grain  in  Abyssinia. 

MACROSCOPIC  STRUCTURE. — The  ovate  fruit  ranges  from  white 
to  red  in  color  and  reaches  1  mm.  or  slightly  more  in  length;  the  embryo 
is  half  or  more  the  length  of  the  fruit.  Although  clothed  when  mature 

in  the  papery  flowering  glume  and  palet,  the  commercial  grain  is  naked 
except  for  an  occasional  kernel. 

MICROSCOPIC  STRUCTURE. — Mitlacher  ^  has  studied  the  chaff 
and  caryopsis.  Our  observations  on  white  and  red  teff,  obtained  from 
Abyssinia  by  the  Office  of  Seed  and  Plant  Introduction,  U.  S.  Depart¬ 
ment  of  Agriculture,  confirm  his  results. 

Flowering  Glume  and  Palet— The  outer  epiderm  consists  of  wavy- 

walled  long  cells,  twin  cells,  and  short  thorn-like  hairs  or  hair  scars 
(round  cells). 

Pericarp  -Only  the  epicarp  with  longitudinally  elongated,  slightly 
wavy-walled  cells  is  evident.  ^ 

n  elongated  cells  but  with  thicker 

and  more  wayy  walls  Mitlacher  considers  as  spermodenn  It  is  thl 
coat  or  Its  cuticle  that  is  colored  in  the  red  variety. 

Endosperm.— The  aleurone  cells  and  starch  cells  with  grains  of  the 

Mhl  T  In  starch  cells  adjoining  the  endosperm 

““"Sr  •'» 

e  m  the  leal  of  Ilyoscyamus  7iiger  but  smaller. 

■  z.  allg.  oesterr.  Ap„th.-Ver.  1901,  813,  831,  856,  875,  899,  928. 
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Chief  Structural  Characters. — Kernel  very  small  (1  mm.) 
readily  separating  from  papery  chaff.  ’ 

Flowering  glume  and  palet  with  epiderm  of  wavy-walled  long  cells, 
twin  cells,  and  short  hairs  or  hair  scars.  I^picarp  of  elongated,  slightly 
wavy-walled  cells;  other  pericarp  tissues  lacking.  Spermoderm  of 
elongated  cells  with  distinctly  wavy  walls.  Starch  of  rice  type. 

CHEMICAL  COMPOSITION. — Balland  ^  gives  the  following  analy¬ 
sis: 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

9.20 

8.36 

1.85 

75.49 

1.90 

3.20 

» 

COMMON  WHEAT 


Triticum  sativum  Lam.  =  T.  vulgare  Vill.  =  T.  hiberuum  +  T.  xsti- 

vum  L. 

Fr.  B14.  Sp.  Trigo.  It.  Frumento.  Ger.  Weizen. 

De  Candolle  considers  common  wheat  as  the  most  ancient  of  the 
present  cultivated  forms  of  Triticum,  its  original  habitat  being  Western 
Asia,  and  that  several  kinds  formerly  given  specific  names  are  probably 
varieties  derived  from  common  wheat  through  the  centuries.  This  is 
in  accord  with  Hackers  classification  which  makes  macaroni,  Polish, 
and  English  wheat,  also  spelt  and  emmer,  varieties  of  T.  sativum  I>am., 
the  specific  names  formerly  used  being  retained  as  varietal  names.  In 
view  of  the  position  of  common  wheat  as  the  parent,  the  varietal  name 
vulgare,  used  by  Hackel,  seems  superfluous. 

Throughout  the  temperate  zones  of  Europe,  North  and  South  Amer¬ 
ica,  and  Australia,  wheat  is  the  chief  bread  cereal  except  in  restricted 
localities  where  it  shares  this  honor  with  rye,  maize,  oats,  or  even  barley. 
Wheat  grown  in  the  colder  countries  is  planted  in  the  Spring,  whereas  in 
the  warmer  sections  it  is  planted  in  the  Fall  but  makes  its  chief  growth 
the  next  season.  This  has  given  rise  to  so-called  Winter  and  Spring 
varieties  and  the  two  Linnean  species  into  which  they  were  formerly 

grouped. 

MACROSCOPIC  STRUCTURE.— The  wheat  kernel  varies  from 
light  buff  or  yellow  to  red-brown,  without  the  dirty  or  greenish  cast 
characteristic  of  rye,  and  from  blunt  spindle-shaped  to  ovate.  It  is  not 

^  Compt.  rend.  1902,  136,  1079. 
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sharp  pointed  as  is  rye  although  the  apex  is  commonly  narrower  than  the 
base.  In  some  varieties  the  ratio  of  breadth  to  length  is  4  :  6,  in  others 
it  reaches  3:9.  These  figures  also  represent  approximately  the  dimen¬ 
sions  in  millimeters  of  the  largest  grains.  The  kernel  may  be  quite 
evenly  rounded  or  somewhat  triangular  in  cross  section.  The  groove 


F  pencam^’TrrrfLf  “d  longitudinal  (II)  section. 

pericarp.  <  hairs  at  apex.  S  spermoderm  enlarged  along  the  groove  into  via 
pigment  strand  adjoining  fv  bundle  of  the  Mr.-  S^^ove  into  pig 

groove  into  pr  perisperm  Land  Fndl  ^  ^  P^nsperm  enlarged  along  the 

Embrvo-  scutellnm^nH,-  •  ’  aleurone  layer,  am  starch  cells. 

sheath^  hy  iSr™’ 

m  micropyie.  fun  funiculus.  X  15  (A.L.W  )‘  ’  "  ”  ^‘‘dicle  sheath. 

tuft  nf  The  apex  is  clothed  with  a 

ft  of  hairs  evident  to  a  sharp  eye  or  with  a  lens 

.  J.‘r«s7r  *,  “.r -f-  't 

by  a  shriveling  of  the  surface.  ’ 

In  median  longitudinal  section  (Fie  dl  Til  c.r  tn  u  .1 
after  soaking  for  some  hours  in  woto  tu  ^  *  through  the  groove 

embryo  and  the  tissues  along  the  groove  amTvident“:  lit 
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with  low  magnification  under  the  microscope.  The  figure  shows  the 
embryo,  consisting  of  (l)  hypocotyl  or  embryonic  stem  (hy)  with  the  ligule 
{Ih),  (2)  the  plumule  or  leaf  bud  {pi),  encased  in  the  plumule  sheath  (ps), 
(3)  the  primary  radicle  or  embryonic  root  (r)  encased  in  the  coleorhiza 
or  radicle  sheath  (rs),  the  radicle  cap  being  immediately  adjoining  the 
radicle  tip,  and  (4)  the  scutcllum,  which  adjoins  the  starchy  endosperm 
(am),  with  its  ligule  {Is).  This  cut  in  addition  shows  the  micropyle  (m) 
or  opening  of  the  spermoderm  through  which  the  pollen  tube  entered  in 
fertilization,  Xho  funiculus  or  fruit  stem  {fun),  the  tuft  of  hairs  {1)  at  the 
tip,  also  the  pericarp  {F),  the  spermoderm  {S)  enlarged  along  the  bottom 
of  the  groove  and  becoming  ihepigment  strand {pig)'w[{h  the  fibro-vascular 
bundle  (fv)  adjoining,  the  perisperm  {N)  enlarged  along  the  bottom  of  the 
groove  as  the  perisperm  strand  {pr),  and  the  aleurone  or  gluten  layer  {al) 
of  the  endosperm.  The  cut  does  not  show  the  secondary  radicles.  These 
are  best  studied  in  cross  sections  through  the  basal  end  of  the  kernel. 
Two  of  these  may  usually  be  found  in  wheat  although,  according  to 
Harz,^  the  number  may  reach  four.  In  the  variety  represented  in  Fig.  93, 
two  were  present,  but  being  one  either  side  of  the  main  radicle  they 
do  not  appear  in  a  median  section. 

In  cross  section  (Fig.  93,  I)  the  kernel  is  irregularly  heart-shaped. 
The  groove  is  seen  to  extend  to  about  the  center,  being  closed  for  most 
of  the  distance.  At  the  center  this  section  shows  clearly  the  broadening 
of  the  bran  tissues,  the  pericarp  and  spermoderm  forming  a  Y,  in  the  top 
angle  of  which  the  spermoderm  is  expanded  into  the  pigment  strand  {pig) 
w'hile  the  perisperm  strand  {pr),  an  enlargement  of  the  colorless  peri¬ 
sperm,  fills  the  remainder  of  the  angle,  the  whole  being  bordered  by  the 
endosperm  forming  an  irregular  triangle. 

The  proportion  of  horny  to  floury  endosperm  varies  according  to  the 
hardness  of  the  variety. 

MICROSCOPIC  STRUCTURE.— All  the  treatises  on  the  microscopy 
of  foods,  especially  cereals,  as  well  as  most  of  the  works  on  pharmacognosy 
and  food  analysis,  describe  the  histology  of  wheat,  although  too  often 
undue  emphasis  is  laid  on  the  elements  of  diagnostic  value,  to  the 
neglect  of  structural  details  of  scientific  and  technical  importance, 
notably  of  the  embryo  and  the  tissues  about  the  groove. 

Longitudinal  sections  show  certain  details  of  the  bran  coats  and 
embryo,  whereas  cross  sections  give  a  better  idea  of  the  bran  coats, 
especially  in  the  groove.  The  kernel  may  be  cut  with  a  Gillette  blade 
moist,  after  soaking  for  some  hours  in  water,  or  dry.  Surface  prepara¬ 
tions  obtained  by  scraping  show  best  the  diagnostic  characters  of  the 

bran  coats. 


1  Samenkunde,  p.  1179. 
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Pericarp  (Figs.  94  and  95).— Five  thin,  dry  layers  of  no  evident  food 
value  form  the  outer  bran  tissues;  (1)  epicarp  (epi)  consisting  of  porous 
(conseQuently  beaded),  rather  thick-walled  cells,  which  on  the  body  of 
the  grain  are  longitudinally  elongated  and  alternately  arranged,  while 
at  the  apex  they  are  isodiametric-polygonal  and  interspersed  with 
hairs  (t);  (2)  hypoderm  {hy)  of  a  distinct  layer  of  cells  similar  to  those 
of  the  epicarp,  except  for  the  absence  of  hairs,  and  one  or  more  layers 
with  thinner  walls  more  or  less  collapsed;  (3)  scattered  groups  of  inter¬ 
mediate  cells  {in)  of  curious  form,  having  walls  partly  with  and  partly 
without  pores,  often  with  intercellular  spaces;  (4)  cross  cells  {tr),  dis¬ 
tinctly  pitted  (beaded),  rather  thick- walled  cells  transversely  elongated 
and  for  the  most  part  arranged  side  by  side  in  rows;  and  (5)  endocarp 
consisting  of  tube  cells  (tu),  isolated  or  in  loose  contact,  often  with  round 
intercellular  spaces. 

The  hairs  of  the  epicarp  vary  up  to  1  mm.  long  and,  as  noted  by 
Wittmack,^  usually  have  a  lumen  narrower  than  the  wall  thickness, 
whereas  the  reverse  is  true  of  rye  hairs.  They  are  broad  or  globular  at 
the  base  and  taper  to  a  rather  sharp  point.  As  shown  in  Fig.  79,  oat 
hairs  are  longer  and  much  narrowed  at  the  base. 

The  epicarp,  hypoderm,  and  cross  cells,  as  seen  in  surface  view,  have 
very  distinct  pores  even  on  the  thin  end  walls,  thus  differing  from  these 
layers  in  rye,  which  have  indistinct  pores  on  the  side  walls  and  none  on 
the  swollen  ends  of  the  cross  cells.  Intercellular  spaces  between  the  end 
walls  are  small  or  absent,  whereas  in  rye  they  are  often  conspicuous. 

The  cross  cells  (Fig.  96)  in  extreme  cases  reach  200  fx  in  length,  whereas 
in  rye  (Fig.  101)  this  dimension  is  rarely  reached;  furthermore,  the 
average  length  in  wheat  is  somewhat  longer  than  in  rye  although  little 
dependence  can  be  placed  on  length  in  diagnosis.  ' 

Tschirch  and  Oesterle  and  some  other  authors,  following  their  lead, 

consider  that  there  are  one  or  more  cell  layers  with  very  thin  walls 

between  the  hypoderm  and  the  cross  cells;  other  authors,  notably  Vogl, 

Moeller,  and  Collin,  do  not  show  such  cells  nor  do  we  find  them  in  the 

mature  fruit,  although  we  do  find  that  the  inner  cells  of  the  hypoderm 

have  thinner  walls  than  the  outer  and  are  more  or  less  collapsed 
(rig.  94).  ,  ^ 


Spennoderm  (Figs.  94  and  95,  S).-This  coat  consists  of  (1)  an  outer 
light-colored  layer  and  (2)  an  inner  dark  brown  layer,  the  cells  in  both  being 
elongated,  those  m  one  layer  crossing  those  of  the  other  at  nearly  right 
angles,  the  direction  in  both  cases  being  more  or  less  diagonal  to  the  axis 
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Fig.  94. — Wheat.  Kernel  in  cross  section  showing  tissues  on  dorsal  side  and 
about  groove.  F  pericarp:  epi  epicarj),  hy  hypodcrni,  Ir  cross  cells,  iu  tube  cells. 
S  spermoderm  of  light  and  dark  layers,  latter  broadening  along  groove  into  pig 
pigment  strand;  fv  bundle.  N  perisperm  Inoadening  along  groove  into  pr  perisperm 
strand.  endosperm:  ai  aleurone  cells,  aw  starch  cells.  XI 00.  (A.L.W.) 
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of  the  kernel.  In  cross  section  the  two  layers  form  merely  a  light  and 
dark  line,  but  in  surface  view  the  delicate  cell  walls  are  evident. 

The  cells  of  the  outer  layer  (o)  are  usually  arranged  side  by  side  in 
rows  much  as  in  the  cross-cell  layer,  but  their  delicate  walls,  appearing 
as  narrow  lines,  contrast  strongly  with  the  thick  pitted  walls  of  the  cross 
cells.  In  the  inner  layer  (i)  the  cells  break  joints  and  show  no  decided 
tendency  to  an  arrangement  side  by  side  in  rov/s. 


Fig.  95.  Wheat.  Bran  tissues  in  surface  view,  epi^  epicarp  with  t  hairs  at 

oSs'  intermediate  cells;  /r  cross 

s,  and  tube  cells;  o  outer  and  »  inner  spermoderm;  P  perisperm-  al 

aleurone  cells;  am  starch  grains.  X160.  (A.L.W.)  ^  ’ 


Along  the  bottom  of  the  groove  (Figs.  94  and  97)  the  outer  layer 
broadens  and  is  more  or  less  confluent  with  the  nericarn  Tt  is  in  +b- 
tissue  that  the  fibro-vascular  bundle  (fv)  of  the  raphe  is  embedded  The 

a.  *  “.K 
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Ivornicke  and  Werner  i  state  that  the  color  of  common  wheat  is 
largely  due  to  the  shade  of  brown  of  the  inner  layer,  although  the  cross 
cells  of  dark  red  wheats  contribute  somewhat  to  the  color. 

Perisperm  (Fig.  94,  N;  Fig.  95,  P).— In  the  development  of  the  seed 
the  only  remnant  of  the  ovule  tissues  on  the  body  of  the  kernel  is  a 
single  layer  of  glassy  cells  evident  in  cross  section  as  a  colorless  band  with 
thick  outer  and  inner  walls  and  lumen  reduced  to  a  faint  line.  Greenish^ 

appears  to  mistake  the  lumens  for  tangential  walls,  since  he  refers  to 
two  rows  of  cells. 

Without  special  treatment,  the  cells  are  seldom  evident  in  surface 
preparations  because  of  their  transparent  walls.  Tiny  sheets  of  this 
tissue  may  be  removed  from  a  soaked  or  boiled  kernel,  after  previously 
stripping  off  the  pericarp  and  spermoderm,  using  a  lens  for  better  obser¬ 
vation.  After  doing  this,  which  requires  some  patience,  the  delicate 
membranous  skin  should  be  stained  with  a  suitable  dye,  such  as  safranin. 


Fig.  9G. — V/heat.  Cross  cells  in  surface  viev/.  X3C0.  (K.B.W.) 


to  bring  out  the  cell  walls.  jVIoeller  finds  that  by  warming  a  whole  kernel 
in  1  per  cent  sodium  hydroxide  and  plunging  into  acetic  acid  the  cell 
layers  are  loosened  and  the  perisperm  may  be  separated  from  the  sper¬ 
moderm  in  the  scrapings  by  pressing  sidewise  on  a  slide  beneath  a  cover 
glass.  On  soaking  in  a  drop  of  chlorzinc  iodine  the  perisperm  takes 
on  a  blue  color  after  a  time  and  is  readily  distinguished  from  the  brown 
or  yellow  spermoderm  layers.  By  either  method  of  treatment  the  cells 
are  shown  to  be  isodiameteric  or  longitudinally  elongated,  the  polygonal 
form  being  modified  by  the  waves  of  the  thick  walls. 

In  the  bottom  of  the  groove  this  layer  expands  into  the  perisperm 
strand  which,  although  colorless,  shows  in  both  cross  and  longitudinal 
sections  the  numerous  small  thick-walled  cells  which  are  longitudinally 
elongated.  In  this  region  the  iierisperrn  tends  to  split  away  from  the 
aleurone  layer. 

^  nandi)iich  dcs  Getreidebaues.  Berlin,  1885,  i)p.  26-28. 

2  The  Microscoi)ic  Examination  of  Foods  and  Dru^s.  London,  1903,  p.  265. 
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Endosperm  (Figs.  94  E,  and  97), — Two  distinct  tissues  form  the 
endosperm:  (1)  the  aleurone  cells  (cil),  also  known  as  gluten  cells  and 
protein  cells  (the  different  names  representing  different  views  as  to  the 
nitrogenous  contents),  which  are  thick-walled  and  isodiameteric,  forming 
a  starch-free  layer  in  most  parts  one  cell  thick,  and  (2)  the  starch  cells 
{am)  (the  flour  cells”  of  Cobb),  which  form  the  great  bulk  of  the  endo¬ 
sperm  and  are  characterized  by  the  thin  cell  walls,  numerous  starch 
grains,  and  the  protein  contents  invisible  until  brought  out  by  special 
treatment. 

The  aleurone  cells  in  cross  section  are  nearly  square  or  rectangular 
and  have  thick  walls  of  uniform  thickness,  except  at  the  bottom  of  the 
groove  where  they  are  irregular  in  shape  and  have  knotty  thickened 
walls  formed  by  broad  pores.  The  walls  although  thick  are  composed 
of  cellulose.  In  this  region  about  the  groove  some  of  the  cells  frequently 
contain  starch,  showing  that  there  is  no  absolute  differentiation  in  the 
two  tissues  of  the  endosperm.  This  point  is  further  brought  out  by 
the  fact  that  in  some  of  the  cereals  at  least,  as  for  example  broom  corn, 
certain  of  the  cells  belonging  to  the  outer  layer  of  the  starch  parenchyma 
contain  proteins  but  no  starch. 

Surface  preparations  show  that  the  cells  (Fig.  95,  al)  are  rounded 
polygonal  or  quadrilateral.  Wittmack  ^  finds  them  to  be  larger,  espe¬ 
cially  those  with  five  to  six  sides,  than  those  in  rye,  but  this  difference  is 
not  regarded  as  a  dependable  guide  in  diagnosis. 

The  cells  contain  a  fine  network  of  protein  matter  enclosing,  accord¬ 
ing  to  Brahm  and  Buchwald,^  fatty  globules,  the  whole  being  yellowish 
in  color.  These  minute  globules  or  lumps,  varying  up  to  3  m  in  size,  were 
^rmerly  thought  to  be  aleurone  grains,  and  Von  HohneF  as  well  as 
Berthold^  claimed  that  wheat  and  rye  can  be  distinguished  by  their 
size,  which  in  rye  is  only  1.5  to  2  Wittmack, i  Moeller^  and  others 

criticized  this  procedure  even  before  the  bodies  were  shown  not  to  be 
aleurone  grains  at  all. 


I.n  each  cell  is  a  nucleus,  reaching  10  or  more  in  diameter,  which  is 
often  conspicuous  without  special  treatment  with  a  solution  of  methyl 

ner °  and  T%  ”  Kornicke  and  Wer- 

chLaSistk  ofr'  ’  of  the  cell  contents,  such  as  is 

characteristic  of  rye,  is  never  present.  This  is  an  important  distinction 
Loc.  cit.  (second  ref.),  p.  42, 

*  Z.  Unters.  Nahr.-Genussm.  1904,  7,  12. 

=  Die  Starke  und  die  Mahlprodukte.  Kassel,  1882. 

Z.  VVaarenkunde,  No.  1,  1883. 

‘  Mikroskopie  der  Nahrungs-  u.  Genussmittel,  1  Aufl  1886  n  180 
®  Loc.  cit.  pp.  26-28.  105,0,  p.  ic{9. 

^  Landw.  Vers.-Stat.  1889,  36,  337. 
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The  general  nature  of  the  contents  of  aleurone  cells  of  the  cereals 
and  the  nomenclature  has  been  discussed  in  the  introduction  to  the 
group;  there  are,  however,  special  points  with  reference  to  wheat  which 
here  deserve  mention.  Unlike  those  of  other  cereals,  quite  possibly 
the  aleurone  cells  of  wheat  contain  gluten  as  believed  by  the  early  ! 
investigators.  There  is  no  reason  for  believing  that  the  protein  contents 
differ  from  those  of  the  adjoining  starch  cells  which  are  known  to  con¬ 
tain  gluten  or  rather  its  two  constituents,  gliadin  and  glutenin;  in  fact,  , 
Osborne  ^  has  shown  that  the  protein  extracted  by  dilute  alcohol  from  i 
shorts,  which  contains  a  large  amount  of  the  aleurone  layer,  has  the  same  * 
composition  as  that  similarly  obtained  from  flour.  Even  if  the  cells  ^ 
contain  gluten,  the  name  gluten  cells  is  inappropriate  since  it  suggests  ' 
the  gluten  of  flour  which  is  derivcxl  almost  exclusively  from  the  starch  cells,  j 
As  for  the  term  aleurone  cells,  although  our  observations  confirm  ♦ 
those  of  Rrahm  and  Buchwald  that  the  so-called  “  aleurone  grains  ”  ! 

are  not  such  at  all  but  inclusions  in  a  protein  network,  we  are  not  dis-  % 
posed  to  abandon  the  term  for  this  layer  in  the  cereals.  We  have  * 
observed  that  in  the  aleurone  cells  of  wheat  the  protein  network,  stained  , 
yellow  with  iodine,  is  not  uniform  in  structure  but  contains  minute  , 
granules  which  may  be  true  aleurone  grains.  Somewhat  larger  granules,  . 
apparently  of  the  same  nature,  occur  in  the  outer  layer  of  the  starchy  ;; 
endosperm  of  wheat,  as  may  be  demonstrated  by  iodine  staining,  ' 
although  these  are  not  so  conspicuous  as  those  in  sorghum.  ^ 

Starch  Cells  (Figs.  94  and  95,  am). — On  the  exposed  parts  of  the  grain  { 
(not  in  the  groove)  the  starch  cells  of  the  outer  layer  are  isodiametric  J 
and  differ  little  in  size  and  form  from  the  aleurone  cells  but  have  much  ^ 
thinner  walls.  The  next  layer  and  several  following  consist  of  radially  || 
elongated  cells.  On  both  sides  and  at  the  bottom  of  the  groove  there  are  ^ 
two  or  more  layers  of  isodiametric  cells.  t 

The  starch  grams  (Plate  III,  Fig.  25)  increase  in  size  from  without  t 
inward,  reaching  the  maximum  in  the  first  or  second  layer  of  elongated  ,, 
cells.  The  maximum  size,  50  m,  is  seldom  reached— so  seldom  .that 
grains  over  50  ju  in  flour  suggest  the  presence  of  rye  flour.  Most  of  the  j 
large  grains  in  wheat  are  30  to  40  /x  in  diameter.  These  large  grains  are  *■ 
lenticular  in  shape;  when  lying  flat  they  are  nearly  but  not  absolutely 
circular;  when  lying  on  edge  they  appear  as  a  lens  in  cross  section.  j 
They  may  be  made  to  change  their  position  from  flat  side  to  edge  by  j 
rolling  the  cover  glass  back  and  forth.  Rings  are  very  indistinct,  even  \ 
with  careful  illumination,  and  a  hilurn  is  practically  absent  although 
with  polarized  light  the  faint  cross  formed  over  the  center  indicates  its 

position. 

1  The  Proteins  of  the  Wheat  Kernel.  Washington,  1907,  p.  61.  | 
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The  small  grains  are  rounded  or  round-polygonal  and  vary  from 
minute,  scarcely  measurable,  up  to  about  10  yu.  Transitions  to  the  large 
grains  are  unusual.  In  bread  the  grains  are  swollen  and  much  distorted. 

Gluten  as  such  is  believed  not  to  exist  in  the  cells  but  is  formed  on 
making  a  dough  and  may  be  separated  from  the  starch  by  kneading 
under  a  stream  of  water.  It  may  also  be  obtained  on  a  small  scale  as 
noted  under  Flour,  below. 

Cobb  1  demonstrates  the  presence  of  gluten  as  the  medium  surround¬ 
ing  the  starch  grains  by  heating  water  mounts  of  cells  isolated  after 
soaking  kernels  10  to  20  hours  in  water,  cutting  in  pieces,  shaking  in 
water,  and  collecting  those  found  floating  separately  in  the  water.  The 
heat  causes  agglutination  of  the  protein  about  the  gelatinous  starch 
grain.  The  presence  of  gluten-forming  proteins  may  also  be  demon¬ 
strated  by  treating  with  iodine  cells  isolated  by  Cobb’s  method  or  thin 
sections  of  the  kernel. 

A  nucleus  wdth  its  nucleolus  may  be  demonstrated  by  nuclear  stains 
but  otherwise  is  not  usually  seen. 

Embryo. — Fig.  97  shows  the  cellular  structure  of  the  embryo  and  the 
adjoining  parts,  whereas  the  corresponding  part  of  Fig.  93,  II,  shows  only 
the  general  morphology.  In  the  plumule  {pi),  plumule  sheath  {ps), 
hypocotyl  (hy),  and  radicle  (r),  the  cells  are  very  small  and  their  contents 
are  only  faintly  granular.  The  cell  nuclei  (not  shown),  however,  are 
quite  distinct,  often  occupying  the  larger  part  of  the  cell.  In  the 
iscutellum  (sc)  (excepting  the  palisade  epithelium  (pal)  and  the  procam- 
hium  bundle  (pc)),  and  its  ligule  (Is),  the  coleorhiza  or  root  sheath  (rs), 
and  the  ligule  of  the  hypocotyl  (Ih)  the  cells  are  larger  and  the  contents 


present  a  granular  or  reticulated  appearance  much  like  that  of  the 
aleurone  cells. 

Seen  in  the  longitudinal  section  the  fonn  of  the  cells  in  the  plumule, 
plumule  sheath,  and  radicle  is  more  or  less  quadrilateral,  whereas  in  the 
ground  tissue  of  the  hypocotyl,  scutellum,  and  root  sheath  the  cells  are 
polygonal.  From  the  longitudinal  section  of  the  radicle  alone  (Fig.  98) 
one  might  conclude  that  both  the  outer  layer  (dermalogen)  and  the  suc¬ 
ceeding  three  or  four  layers  forming  the  verihlem  or  embryonic  cortex 
are  palisade  cells,  but  since  in  cross  section  they  are  polygonal,  they 
must  be  more  or  less  tabular.  The  epithelium  which  bounds  the  scu^ 
urn  on  the  endosperm  side  consists  of  true  palisade  cells  This  is 

cells  (c)  ^  ^  hyaline  layer  of  compressed 

The  aleurone  cells  are  seen  to  follow  alone-  thp 
and  the  outer  end  of  the  plumule  sheath  nearly  to  its  base ;  at  the  bottom 
Wisconsin  Bur.  Labor  Ind.  Statis.  1908.  13,  V.  742. 
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they  follow  around  the 
curve  until  they  are  lost  in 
the  outer  cell  layer  of  the 
scutellum. 

On  the  left  of  Fig.  97, 
the  per  is  perm  strand,  the 
pigment  strand,  and  the 
fihro-vaseular  bundle  of  the 
raphe  are  shown. 

Chief  Structural 
Characters'.  —  Kernel 
blunt,  deeply  grooved, 
hairy  at  tip,  of  a  clear 
color  whether  light  or  dark 
(rye  more  pointed,  dirty 
or  greenish  cast). 

Hairs  unicellular, 
usually  with  walls  thicker 
than  lumen  (rye  hairs 
usually  with  walls  thinner 
than  lumen);  epicarp  and 
hypoderm  of  longitudinally 
elongat  ed  dist  inct  ly  beaded 
(porous)  cells;  cross  cells 
of  transversely  elongated 
cells  with  distinctly  beaded 
side  and  end  walls  (rye 
indistinctly  beaded,  end 
walls  swollen).  Spermo- 
derm  of  two  layers  of 


Fio.  07. — Wheat.  Embryo  and  adjoining  tissues  in  longi¬ 
tudinal  section.  Embryo:  pi  plumule,  ps  plumule  sheath, 
hy  hypocotyl  with  Ih  ligule,  sc  scutellum  with  Is  ligule,  pal 
palisade  cells  and  pc  procambium  bundle  of  scutellum, 
r  radicle,  rc  radicle  cap,  ra  coleorhiza  or  radicle  sheath. 
fan  funiculus;  fv  bundle  with  spiral  vessels;  epi  epicarp; 
ir  cross  cells;  pig  pigment  strand  of  spermoderm;  pr  peri- 
sperm  strand;  al  aleurone  layer;  am  starch  cells;  c  com- 
i  resscd  cells  forming  a  hyaline  layer.  X40.  (A.L.W.) 


Fig.  08. — Wheat.  Radicle  in 
longitudinal  section  showing  broad 
peripheral  cells  and  narrow  cells  of 
central  cylinder.  X  100.  (A.L.'V.) 


crossing  thin- walled  cells.  Perisperm  indistinct, 
faint  yellow  contents  (rye  usually  blue);  inner 


Aleurone  cells  with 
endosperm  yielding 
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gluten  on  rubbing  with  water;  starcli  grains  large  and  small;  large 
grains  lenticular,  usually  30  to  40  seldom  50  fx  (rye  often  50  fi),  with 
indistinct  rings  and  hilum. 

MICROSCOPY  OF  WHEAT  PRODUCTS— Uncooked  Whole 
Wheat  Products,  such  as  graham  flour  and  certain  wheat  breakfast 
cereals,  although  containing  the  same  histological  elements  as  the  kernel, 
require  quite  different  technique  since  it  usually  is  not  practicable  to  cut 
sections,  thus  necessitating  dependence  on  surface  preparations  of  bran 
fragments  or  on  mounts  of  the  powdered  portion  of  the  material. 

Cooked  Whole  Wheat  Products  include  graham  bread  and  certain 
breakfast  cereals  prepared  by  steaming,  crushing,  and  drying  by  a 
process  similar  to  that  used  in  preparing  rolled  oats  {rolled  wheat),  by 
steam  cooking,  shredding,  and  baking  {shredded  wheat),  or  heating  under 
pressure  and  suddenly  releasing  the  pressure  {puffed  wheat),  also  whole 
kernels  roasted  or  browned  as  a  coffee  substitute. 

A  moderate  degree  of  cooking  with  steam  or  even  baking  or  roasting 
does  not  necessarily  destroy  all  the  characteristics  of  the  starch  grains, 
although  they  swell  and  become  distorted  and  also,  if  the  heat  is  high, 
take  on  a  burnt  color  to  a  greater  or  less  degree  depending  on  the  condi¬ 
tions.  If  the  problem  offered  is  industrial  or  nutritional  rather  than 
diagnostic,  the  degree  of  swelling  or  alteration  of  the  grains  may  furnish 
evidence  as  to  the  extent  of  cooking  or  ease  of  digestion. 


Malted  Whole  Wheat  Products. — These  are  commonly  steam 
cooked  as  well  as  malted.  If  the  malting  is  effected  by  the  addition  of 
the  malt  itself,  certain  barley  elements  may  be  looked  for.  The  changes 
of  the  starch  grains  by  malting,  as  well  as  by  accidental  sprouting,  are 
quite  different  from  those  brought  about  by  cooking,  involving  as  they 
do  the  gradual  solution  of  the  starch  grains  by  diastatic  enzymes.  The 
rings  become  quite  distinct  and  fissures  are  formed  as  the  action  proceeds, 
as  may  be  followed  along  by  microscopical  examination. 

Decorticated  Wheat  Products. — Grits,  commonly  sold  under  trade 

names,  contain  the  same  elements  as  wheat  flour.  They  are,  in  fact 

granules  of  the  endosperm  which,  on  grinding,  are  converted  into  wheat 
Hour. 

The  term  flour  properly  belongs  to  the  finely  ground,  bolted 
starchy  endosperm  of  wheat,  as  obtained  by  the  stone  or  roller  process’ 
Graham  or  true  whole  wheat  flour  is  more  exactly  termed  ‘^mea 
Although  m  the  manufacture  of  white  flour  the  whole  kernel  is  first 
crushed,  the  processes  of  separation  are  so  carried  out  as  to  remove 

the  germ  and 


Direct  examination  of  the  flour 


mounted  in  water  shows  myriads  of 
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isolated  starch  grains,  fragments  of  starch  parenchyma,  and  a  few  hairs 
which  found  their  way  point  first  through  the  bolts  like  eels  through  a 
seine.  Fragments  of  the  bran  coats  occur  in  exceedingly  small  amount 
and  when  found  are  so  obscured  by  the  starchy  matter  as  to  show  their 
characters  indistinctly.  If,  however,  foreign  flours  are  present,  their 
starch  grains  will  be  seen  intermingled  with  those  of  wheat.  The  large 
grains  of  maize  are  recognized  by  their  polygonal  form,  distinct  hilum, 
and  conspicuous  polarization  crosses.  The  starch  of  oat  and  rice  flours 
is  to  a  considerable  extent  in  oval  aggregates  of  many  individuals. 
Although  the  large  grains  of  rj^e  flour  are  larger  than  those  of  wheat 
flour  and  the  large  grains  of  barley  flour  are  smaller  than  those  of  wheat 
flour,  in  mixtures  these  distinctions  are  not  sufficiently  marked  to  reach 
positive  conclusions,  hence  the  need  of  recourse  to  the  characters  of  the 
hairs  and  such  fragments  of  the  bran  tissues  as  may  be  accumulated 
from  a  considerable  amount  of  the  flour.  The  distinction  of  wheat  and 
rye  hairs  is  noted  under  Rye. 

The  separation  of  the  fragments  of  bran  elements  from  the  starch  is 
readily  accomplished  by  bringing  to  a  boil  a  mixture  of  2  grams  of  the 
flour,  2  cc.  of  sulphuric  acid,  and  200  cc.  of  water  and  allowing  to  settle. 
The  deposit  is  mounted  in  a  drop  of  5  per  cent  sodium  hydroxide  and 
examined.  This  process,  which  is  an  abbreviation  of  the  crude  fiber 
method,  permits  the  distinction  of  the  cells  of  the  outer  bran  coats,  par¬ 
ticularly  the  cross  cells  of  wheat,  from  those  of  rye  by  their  more  distinct 
beading  and  the  absence  of  swellings. 

Schimper  ^  brings  to  a  boil  in  water  alone  and  separates  the  scum 
which  contains  hairs  and  other  bran  tissues. 

Fragments  of  the  aleurone  layer  are  obtained  by  the  chloroform 
method.  As  carried  out  by  Beneke,-  100  grams  of  flour  are  shaken 
thoroughly  with  350  cc.  of  chloroform  in  a  500-cc.  flask,  filled  to  the  neck 
with  chloroform,  again  shaken,  and  allow^ed  to  stand  24  hours.  Exam¬ 
ination  of  the  deposit  shows  that  the  contents  of  the  aleurone  cells  of 
w'heat  are  brown  or  yellow  whereas  those  of  rye  are  blue  or  olive-green. 

The  copious  formation  of  gluten  in  wheat  flour  distinguishes  it  from 
all  other  cereal  flours.  This  may  be  carried  out  on  a  small  scale  by  rub¬ 
bing  a  pinch  of  flour  or  scrapings  from  the  endosperm  of  the  kernel  and  a 
drop  of  water  with  a  pen-knife  or  better  by  treatment  according  to  the 
Bamihl  test.^  As  carried  out  by  Winton,**  this  latter  test  consists  in 
rubbing  1.5  mg.  of  flour  and  a  drop  of  very  dilute  eosin  solution 

1  Nahr.-  u.  Genussm.  Jena,  1900,  p.  17. 

2  Landw.  Vers.-Stat.  1889,  36,  337. 

3  Pogg.  Ann.  1852,  161. 

*  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bub  122,  217. 
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(1  :  5000)  on  a  slide  with  a  cover  glass  in  such  a  manner  as  to  effect 
thorough  mixing  without  loss.  The  gluten  rolls  which  form  are  made 
conspicuous  by  the  absorption  of  the  dye.  The  flour  of  no  cereal  other 
than  wheat  and  the  chaffy  wheats  yields  any  considerable  amount  of 


gluten  by  this  treatment. 

Bread. — Under  this  head  may  also  be  included  all  cereal  oven  prod¬ 
ucts,  whether  raised  by  yeast,  baking  powder,  or  eggs,  or  without  leaven 
of  any  kind.  Examined  directly,  the  starch  grains,  distorted  by  baking, 
are  the  conspicuous  objects.  Bran  tissues  are  seen  in  the  residue  after 
treatment  with  acid  as  described  under  Flour.  Naturally  the  chloroform 
and,Bamihl  tests  are  not  applicable.  Since  American  baking  powder 
contains  maize  starch  as  a  filler,  the  presence  of  a  small  amount  of  dis¬ 
torted  maize  starch  grains  may  be  attributed  to  this  source,  although  in 
some  commercial  bakeries  the  sodium  bicarbonate  and  the  acid  ingredi¬ 
ent  are  added  as  such,  thus  dispensing  with  the  filler.  Yeast  cells, 
killed  by  the  baking,  are  present. 

Milling  Offals  include  screenings,  shorts,  bran,  and  low-grade  or  red 
dog  flour,  all  of  which  are  usually  classed  as  cattle  foods. 

Screenings,  consisting  of  immature,  damaged,  or  broken  wheat 
kernels,  and  weed  seeds  which  may  be  mechanically  separated,  show  the 
characters  described  in  the  appropriate  sections.  When  the  enormous 
wheat  crop  of  the  United  States  is  considered  in  conjunction  with  its 
content  of  screenings,  often  reaching  3  or  4  per  cent,  the  production  of 
this  little-thought-of  by-product  is  evident.  Upward  of  twenty  weed 
seeds,  described  in  this  work,  were  studied  chiefly  because  of  their  occur¬ 
rence  in  wheat  screenings  with  the  view  of  better  understanding  their 
food  value  and  their  identification. 


Wheat  Bran  is  usually  defined  as  consisting  of  the  coatings  of  the 
wheat  kernel,  but  as  a  matter  of  fact  it  contains  a  certain  amount  of 
starchy  matter  from  the  endosperm  and  its  examination  discloses  the 
same  elements  as  are  found  in  whole  wheat  products.  The  addition  to 

k  n  inferior  products  as  ground  corn  cob,  maize  bran,  peanut 

shells,  coffee  hulls,  sawdust,  etc.,  is  now  seldom  practiced.  Their  detec¬ 
tion  IS  carried  out  with  due  regard  to  the  microscopic  characters  noted 
under  the  appropriate  heads. 

and?o\‘‘anl™“  ”  bran 

W^al  Shorts  or  MiMUngs  contains,  in  addition  to  bran  fragments  and 
starchy  matter,  the  great  bulk  of  the  wheat  germ,  of  whichThe  La”? 
more  or  less  quadrilateral  cells,  particularly  of  the  radicle  are  chTrl’ 

rs:,  2rr ' " 
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In  the  examination  of  both  bran  and  shorts  the  starch  shows  at  a 
glance  w'hether  this  is  all  from  the  wheat,  rye,  and  barley  group.  Further 
examination  involves  the  identification  of  bran  tissues.  Fragments  of 
weed  seeds  are  commonly  present  and  sometimes  supply  information  as 
to  the  section  of  growth. 

Low-Grade  or  Led  Dog  Flour  is  a  dark-colored  flour  with  poor  rising 
properties  and  chiefly  for  this  reason  is  seldom  used  for  human  consump¬ 
tion.  Although  distinctly  starchy,  it  contains  an  abundance  of  finely 
ground  bran  and  germ  elements. 

Mixed  Feed  is  an  aptly  named  mixture  of  milling  offals. 

CHEMICAL  COMPOSITION. — l^arly  analyses  of  wheat  are  few 
but  inaccurate;  recent  analyses  are  accurate  but  so  numerous  as  to  be 
bewildering.  A  general  idea  of  the  composition  may  be  gained  from 
the  maximum,  minimum,  and  average  figures  for  American  wheat 
analyzed  prior  to  1892  as  compiled  by  Jenkins  and  Winton  ^  and  for 
American  and  foreign  wheat  exhibited  at  the  World’s  Fair  at  Chicago  in 
1893  and  analyzed  under  the  direction  of  Wiley, ^  given  in  the  table  on 
the  following  page. 

The  separate  averages  of  Winter  and  Spring  wheat  given  in  Jenkins 
and  Winton’s  Compilation,  although  often  quoted,  are  not  representa¬ 
tive,  as  only  13  samples  of  the  former,  mostly  from  regions  other  than 
the  “  Northwest  ”  and  Canada  which  now  form  the  vast  Spring  wheat 
section,  were  analyzed,  and  none  of  the  samples  was  from  Kansas, 
Nebraska,  Iowa,  and  Oklahoma,  wdiere  both  hard  and  soft  \\  inter  wheat 
are  now  extensivelv  grown.  1  he  terms  hard  and  soft  wheat  are  more 


significant  in  commerce  than  those  based  on  time  of  planting. 

It  should  be  noted  that  the  range  for  j^rotein  of  all  samples  as  found 
by  W'iley  is  about  the  same  as  reported  by  Jenkins  and  Winton,  but  the 
range  for  fiber  and  ash,  which  were  doubtless  more  accurately  deter¬ 
mined  than  in  the  earlier  analyses,  is  narrower.  The  minimum  per¬ 
centages  for  fat,  however,  are  abnormally  low. 

Konig,  in  his  Compilation,*'^  reports  analyses  (many  incomplete)  of 
numerous  samples  from  different  countries  and  by  various  analysts. 
Following  are  given  by  countries  the  number  of  samples  analyzed  (in 
parentheses)  and  the  range  and  average  percentages  of  protein, 
(N  X  fi  25),  the  constituent,  of  greatest  significance,  the  averages  being 
calculated  to  a  water  content  of  13.37  per  cent  :  northern,  eastern,  and 
central  Germany,  Winter  wheat  (54)  7.()()  to  14.20,  aver.  10.98;  Spring 
wheat  (8)  8.90  to  15.20,  aver.  11.23;  soiitliern  and  western  Germany, 


1  U.  8.  Dejit.  A^r.,  Off.  Exp.  St:i.  Bui.  11. 

*  U.  8.  Dept.  Agr.,  Div.  Chem.  1898,  Bui.  13,  118(). 

3  Cheinie  mensch.  Nahr.-Geiiussm.  Berlin,  1903,  1,  413 
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Composition  of  Wheat 


Samples 

Water 

% 

United  States: 

J.  and  : 

310 

Min . 

7.10 

Max . 

13.95 

Aver . 

10.52 

Wiley: 

165 

Min . 

7.11 

Max . 

14.53 

Aver . 

10  62 

Canada: 

Wiley: 

62 

Min . 

9.38 

Max . 

13.98 

Aver . 

11.69 

Other  Countries: 

Wiley : 

62 

Min . 

8  52 

Max . 

12  97 

Aver . 

11.47 

Protein 

(NX6.25) 

Fat 

N-f.  ext. 

Fiber 

j 

Ash 

/o 

/o 

% 

/o 

% 

8.05 

1.26 

64.84 

0.44 

0.80 

17.15 

3.93 

78.66 

3.05 

3.57 

11.87 

2.09 

71.99 

1  79 

1.83 

8.58 

0.28 

66.67 

1.70 

1.40 

17.15 

2.50 

76.05 

3.72 

2.35 

12  23 

1.77 

71.13 

2.36 

1.82 

8.23 

0.41 

65.92 

1.75 

1 .38 

16.10 

2.32 

75.36 

3.12 

2.00 

12.25 

1.89 

70.31 

2  26 

1  69 

8.58 

0.73 

67.01 

1.87 

1.67 

14.52 

2.26 

76.14 

2.89 

2.04 

12  03 

1.73 

70.66 

2.23 

1  73 

I 

Winter  wheat  (42)  8.74  to  16.39,  aver.  12.29;  Spring  wheat  (30)  8.14 
to  19.56,  aver.  14.95;  Austro-Hungary  (18)  8.62  to  16.44,  aver.  12.66; 
Russia  (33)  10.68  to  23.52,  aver.  16.75;  England  (15)  9.55  to  12.36, 
aver.  10.99;  Scotland  (16)  7.07  to  13.05,  aver.  10.5S;  France  (53)  9.17 
to  21.50,  aver.  12.64;  Denmark  (29)  8.44  to  13.75,  aver.  11.50;  Spain 
(9)  9.74  to  20.89,  aver.  12.45;  Africa  (20)  8.20  to  15.21,  aver.  11.18; 
India  (8)  9.43  to  12.99,  aver.  10.99;  Japan  (4)  12.01  to  16.44,  aver! 
13.31;  and  Australia  (4)  aver.  10.16. 


Snyder  ^  states  that  the  protein  of  wheat  may  fall  as  low  as  8  per 
cent  and  run  as  high  as  20  per  cent. 

*1,  Physical  Characters  to  Composition.— It  is  well  known 

at  the  horny  part  of  the  endosperm  is  richer  in  protein  than  the  starchy 
and  It  naturally  follows  that  the  hardness  of  the  kernel  determines  in 
aige  egree  the  protein-richness  of  the  wheat.  Snyder  notes  that  both 
he  flinty  appearance  and  the  dark  color  of  the  cross  section  are  indica- 
lons  o  pro  ein-richness.  He  found  that  heavy-weight  glutinous  kernels 
of  SIX  samples  contained  15.56  per  cent  of  protein'whleas  the  heav^ 

^  Minnesota  Agr.  Exp.  Sta.  1904,  Bui.  86,  179. 
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woijrht  starchy  kernels  contained  but  13.69  per  cent.  Light-weight  and 
shrunken  seeds  contained  a  higher  percentage  (16.17)  than  either,  but 
these  were  not  suited  for  milling  or  planting.  He  further  found’that 
large  perfect  kernels  contained  on  the  average  1.15  per  cent  more  protein 
than  the  small  perfect  kernels  of  the  same  variety  and  sample.  The 
composition  of  the  ash  of  heavy  and  light  weight  kernels  is  noted  below. 

For  the  crops  of  1922,  1923,  and  1924,  Mangels  and  Sanderson  i 
noted  a  positive  correlation  between  protein  content  and  dark,  hard 
kernels.  Later  studies  by  Mangels  ^  brought  out  considerable  seasonal 
variation  and  in  some  cases  a  low  degree  of  correlation.  As  an  index 
of  wheat  quality  the  dark-kernel  content  was  found  to  be  of  questionable 
value  and  W’as  being  superseded  by  the  actual  protein  test. 

Changes  in  Composition  During  Ripening.— Teller’s  series  of  analyses 
of  Arkansas  wheat,  harvested  at  different  stages  of  ripening  beginning 
with  the  time  of  setting,  illustrate  wtII  the  profound  changes  which  take 
place  during  the  early  stage. ^  Of  the  analyses  of  13  samples  collected 
at  intervals  of  three  days  and  dried  on  the  straw  the  first  (I)  and  last 
(XIII)  and  two  intervening  (III  and  IV)  are  here  given: 


i 

( 

t 

( 


Composition  of  Wheat  at  Different  Stages  of  Growth  (Teller) 


Water 

Pure 

protein 

Aniidea 

Fat 

Dex- 

trins 

Dex¬ 

trose 

Sucrose 

Starch  * 

Pen¬ 

tosans 

Fiber 

.\sh 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

I . 

6.75 

11.34 

10.85 

14.64 

6.80 

1.69 

3. 12 

15.61 

12.46 

9.91 

6.83 

III. . . . 

13.. 50 

15.39 

3.. 30 

4.51 

3.84 

0.C2 

2.08 

28.67 

13.09 

8.90 

0.47 

IV . 

13.60 

12  31 

0.75 

2.49 

2 . 60 

0. 10 

1.78 

48.75 

10.37 

4.41 

2.84 

XIII... 

15.00 

12.  14 

0.35 

2.. 57 

2 . 46 

1 . 46 

.53 . 6.5 

7.43 

2.87 

2.07 

*  Includrs  undetermined. 


Shutt"*  found  that  one  variety.  Garnet,  cut  at  the  late  milk  stage, 
contained  on  the  water-free  basis  more  protein  and  ash  than  at  later 
stages;  another  variety,  Reward,  reached  its  maximum  in  protein  con¬ 
tent  at  the  firm  dough  stage. 

Relation  of  Soil  Fertility  to  Composition. — Some  of  the  leading  agri-  , 
cultural  investigators,  such  as  Lawes  and  Gilbert  in  England,  Schindler 
in  Germany,  Shutt  in  Canada,  and  Wiley  in  the  United  States,  have  ^ 

regarded  the  nature  of  plant  food  in  the  soil  and  the  application  of  fer-  : 

tilizers  as  minor  factors  affecting  the  composition  of  the  grain.  On 

1  Cereal  Chem.  1925,  2,  107.  ^ 

2  J.  Agr.  Res.  1927,  34,  157.  J 

3  Eighth  Int.  Cong.  Appl.  Chem.  1912,  13,  273. 

^  Canada  Dept.  Agr.,  Rep.  Dorn.  Chem.  1930,  p.  16. 
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the  other  hand,  experiments  by  Ritthausen  and  Pott  ^  and  the  more 
recent  extensive  studies  of  Colorado  wheat  by  Headden  ^  show  that 
nitrate  of  soda  materially  increases  the  protein  content  of  the  gram, 
thus  favoring  the  formation  of  a  hard  flinty  kernel.  Headden  also  found 
that  nitrate  depresses  the  phosphorus  content. 

Proximate  analyses  of  three  varieties  of  wheat  from  the  unfertilized 
check  plot  of  one  of  Headden's  three  series,  as  obtained  in  the  years 
1913,  1914  and  1915,  are  given  in  the  following  table.  These  figures 
show  a  decrease  of  protein  and  also  of  phosphorus  in  the  grain  from  year 
to  year. 


Composition  of  Wheat  Grown  Three  Successive  Years  without  Fertilizer 

(Headden) 


Water 

Protein 

Fat 

Sucrose 

Starch 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

Defiance: 

1913 . 

11.27 

12.14 

1.78 

1.35 

61.83 

2.57 

1.70 

1914 . 

8.92 

10.46 

1.91 

1.06 

63.14 

3.57 

2.02 

1915 . 

9.95 

9.16 

1.98 

1.05 

60.17 

3.91 

1.91 

Red  Fife: 

1913 . 

10.63 

14.43 

1.87 

1.15 

61.88 

2.76 

2.05 

1914 . 

8.49 

10.22 

1.90 

1 .22 

63.14 

2.96 

1.95 

1915 . 

10.09 

8.38 

2.06 

0.76 

62.04 

3.31 

2.00 

Kubanka: 

1913 . 

11.33 

12.05 

1.80 

1.44 

63.37 

2.86 

1.97 

1914 . 

9.64 

9.98 

1.95 

1.39 

62.59 

3.01 

1.69 

1915 . 

10.90 

9.52 

1.90 

0.91 

59.78 

2.95 

2.00 

Headden  also  in  each  case  determined  the  different  forms  of  nitrogen, 
the  results  for  Defiance,  Red  Fife,  and  Kubanka  in  the  year  1913,  being 
respectively  as  follows;  amide  nitrogen  0.052,  0.094,  and  0.052,  albumin 
nitrogen  0.168,  0.238,  and  0.224,  gliadin  nitrogen  0.870,  0.898,  and  0.819 
glutenin  nitrogen  1.039,  1.301,  and  1.019;  total  nitrogen  2.130  2.531 
and  2  114  per  cent.  The  decrease  in  nitrogen  during  the  ensuing  years’ 

also  the  increase  due  to  nitrate  fertilization,  was  rather  evenly  distributed 
among  the  different  forms. 

Percentages  of  inorganic  constituents  corresponding  to  the  percent- 

Sutt'ir^  '«-ral 


1  Lantiw.  Vers.-Stat.  1873,  16,  384. 

==  Colorado  Agr.  Exp.  Sta.  1916,  Bid.  219,  part  III. 
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The  following  table  of  average  results  shows  the  principal  effects  of 
nitrate  fertilization: 


Composition  op  Wheat  as  Influenced  by  Nitrate  Fertilization  (Headden) 

( Air-dry  basis.) 


Protein 

Starch 

Wet 

gluten 

Dry 

gluten 

True 

gluten 

Phos- 

I)horus 

% 

% 

/o 

% 

/o 

% 

1913: 

Without  nitrate . 

12.53 

02.19 

25.85 

10.05 

7.58 

0.453 

With  nitrate . 

14.17 

00.93 

31 .24 

12.55 

9.11 

0.413 

1914: 

Without  nitrate . 

9.42 

04.02 

23.90 

9.91 

0.91 

0.398 

With  nitrate . 

11.01 

01.90 

30.28 

12.43 

8.07 

0.308 

1915: 

Without  nitrate . 

8.95 

01 .35 

21.34 

8.84 

5.07 

0.383 

With  nitrate . 

11.50 

58.07 

29.89 

11.74 

7.87 

0  309 

The  average  excess  of  protein  in  the  grain  from  plots  fertilized  with 
nitrate  over  all  others  without  nitrate  in  1913  was  1.64  per  cent,  in  1914, 
2.19  per  cent,  and  in  1915,  2.55  per  cent. 

As  regards  other  fertilizers  employed  in  Headden’s  experiments,  it 
may  be  said  that  in  general  potash  tended  to  suppress  the  nitrogen  and 
produce  “  yellow-berry,”  that  is,  a  yellow  or  white,  mealy  or  half  mealy, 
or  spotted  kernel,  but  it  did  not  affect  the  phosphorus  content;  phos- 
phatic  fertilizers  produced  no  marked  effect.  The  author  states  that 
the  proper  ratio  of  nitrate-nitrogen  to  potassium  is  essential,  too  much 
of  the  former  producing  weak  plants  and  shrunken,  flinty  berries. 

Contrary  to  the  view  of  Shutt  ^  and  of  Le  Clerc,^  Headden  was 
unable  to  find  that  irrigation  tended  to  produce  soft  wheat.  He 
observes  that  not  all  shrunken  kernels  are  high  in  protein. 

Tretiakov*^  in  Russia  increased  the  protein  of  Spring  wheat  from  13.48 
to  16.13  per  cent  and  the  phosphorus  of  Winter  wheat  from  0.77  to  1.22 

per  cent  by  fertilizing  with  biirnyard  manure. 

Influence  of  Climate  on  Composition. — The  amount  and  distribution 
through  the  season  of  rainfall,  sunshine,  and  heat  influence  greatly  yield, 
(juality,  and  composition.  JOxcessive  moisture  or  heat  not  only  are 
directly  unfavorable  but  they  also  encourage  fungous  or  insect  parasites 

1  Canada  Dept.  Agr.  Exp.  Farm.  Rep.  1908-0,  p.  140. 

2U.  S.  Dept.  Agr.,  Bur.  Chem.  1910,  Bui.  123. 

2  Trudy  Poltav.  Selsk.  Khoz.  Opytn.  Stantsii,  1913,  p.  28. 
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which  in  turn  influence  composition.  Frosting  of  the  immature  kernels 
prevents  further  development. 

Moisture. — In  accord  with  earlier  investigators,  Shutt  ^  emphasizes 
that  climatic  conditions  exert  more  potent  influence  than  soil  fertility. 
He  calls  particular  attention  to  the  low  protein  and  high  starch  content 
of  the  soft  wheat  produced  on  newly  cleared  land,  the  characters  of 
which  he  shows  are  due  to  excess  of  moisture,  thus  prolonging  the  growing 
season.  Grown  on  Summer  fallow  land  with  low  moisture  content,  seed 
w’heat  with  11.11  per  cent  of  protein  (N  X  5.7)  produced  a  crop  with 
12.62  per  cent,  whereas  on  newly  cleared  land  the  crop  contained  only 
9.93  per  cent.  During  the  next  year  ^  he  verified  his  conclusion  by  grow¬ 
ing  wheat  on  irrigated  and  non-irrigated  land,  producing  on  the  latter 
Summer  and  Winter  grain  with  respectively  2.15  and  1  per  cent  more 
nitrogen  than  that  produced  on  the  former.  The  ideal  condition  for 
high  protein  content  he  believes  is  where  a  supply  of  moisture  during 
the  earlier  part  of  the  season  sufficient  to  bring  the  crop  to  full  growth  is 
followed  by  hot  weather  during  ripening  of  the  grain. 

C.  H.  Bailey  ^  notes  in  his  study  of  Minnesota  wheat  for  1911  that 
the  increase  of  rain  during  the  growing  season  caused  a  regular  decrease 
in  the  protein  of  the  flour  made  from  the  wheat.  Commenting  on 
experiments  of  the  next  year,"^  he  makes  the  following  significant  state¬ 
ment:  “  The  variations  in  the  composition  and  quality  of  wheat  of  the 
same  varieties  and  types  grown  in  different  seasons,  or  in  different  local¬ 
ities  the  same  year,  are  attributable  principally  to  varying  climatic 
conditions  rather  than  to  the  fertility  of  the  soil.” 

Frost. — Shutt^  found  that  frosted  wheat  is  higher  in  nitrogen  than 
sound  wheat.  This  is  due  to  an  excess  of  non-albuminoid  nitrogen  which 
in  his  experiments  ranged  in  sound  wheat  from  0.08  to  0.14  per  cent,  in 
frosted  wheat  from  0.06  to  0.23  per  cent,  and  in  badly  frosted  wheat 
from  0.21  to  0.58  per  cent. 

In  cooperation  with  Saunders,^  Shutt  studied  the  bread-making  value 
and  composition  of  Canada  wheat  of  seven  grades,  grown  during  the 
year  1907,  the  first  three  grades  being  practically  free  from  frosted 
kernels,  the  last  four  within  .creasing  amounts  of  kernels  thus  damaged. 
The  year  was  characterized  by  excessive  rain  and  cold  during  the  growing 
season  and  early  frosts.  Analyses  of  the  wheat,  although  somewhat 
irregular,  showed  a  higher  average  protein  content  (14.04  per  cent) 

^  Canada  Dept.  Agr.  Exp.  Farm.  Rep.  1907-8,  p  135 

2  Rep.  1908  -9,  p.  140. 

3  Minnesota  Agr.  Exp.  Sta.  1913,  Bui.  131,  p  42 

'  Bui.  143,  p.  58. 

®  Loc.  cit.,  p.  140. 

« Canada  Cent.  Exp.  Farm.  1907,  Bui.  60. 
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in  the  frosted  samples  than  in  the  frost-free  samples  (13.51  per  cent). 
The  fat,  ash,  and  fiber  were  also  somewhat  higher,  and  the  nitrogen- 
free  extract  was  correspondingly  lower.  The  yield  of  straight  flour 
ranged  from  65  per  cent  in  No.  1  Hard  to  50.5  per  cent  in  No.  6  Com¬ 
mercial  Grade,  and  the  volume  of  the  loaf  made  from  the  flour  from 
492  to  363.  No  marked  difference  in  the  average  percentage  of  protein 
in  the  flour  from  the  sound  seed  and  from  the  frosted  seed  and  only  a 
slightly  greater  average  amount  of  fat,  fiber,  and  ash  in  the  latter  were 
found  on  analysis;  determinations  of  water-soluble  nitrogen,  potash, 
phosphoric  acid,  and  sugar,  however,  brought  out  a  marked  excess  of 
these  constituents  in  the  flour  from  frosted  wheat,  as  is  shown  in  the  fol¬ 
lowing  table: 


Water-soluble  Constituents  of  Flour  from  Sound  and  Frosted  Wheat 

(Shutt) 


Nitro¬ 

gen 

Ash 

K2O 

P2O6 

Sugar 

total 

Sugar 
direct  * 

Sugar 
in¬ 
verted  t 

No.  1  Hard . 

% 

0.32 

% 

0.34 

% 

0.15 

% 

0.13 

% 

4.10 

% 

1.96 

% 

2.14 

No.  1  Northern . 

0.33 

0.40 

0.17 

0.14 

4.68 

2.73 

1.95 

No.  2  Northern . 

0.34 

0.32 

0.15 

0.12 

3.66 

1.87 

1.79 

No.  3  Northern . 

0.34 

0.44 

0.18 

0.13 

5.22 

3.12 

2.10 

No.  4  Commercial . 

0.36 

0.43 

0.18 

0  13 

6.05 

3.62 

2.43 

No.  5  Commercial . 

0.36 

0.49 

0.20 

0.17 

6.03 

3.63 

2.43 

No.  6  Commercial . 

0.39 

0.52 

0.20 

0.15 

6.50 

4.07 

2.43 

*  Calculated  as  maltose, 
t  Calculated  as  sucrose. 


Shaw  ^  found  in  experiments  in*  California  that  the  protein  and  gliadin 
of  the  crop  are  increased  by  selection  of  seed  of  approved  varieties  with 
high  nitrogen  content,  late  seeding,  cool  weather,  which  retards  growth, 
decreasing  water  content  of  soil,  and  late  cutting. 

Varietal  Differences. — By  scientific  breeding,  varieties  are  developed 
with  special  characters,  such  as  high  yield,  resistance  to  drought,  frost, 
and  disease,  and  desirable  milling  properties,  such  as  gluten  content  and 
quality.  Deterioration  of  varieties  must  be  continually  guarded  against 
by  careful  seed  selection.  Breeding  for  high  starch  content  with  the 
view  of  starch  manufacture  is  not  necessary  in  the  United  States,  where 
maize  is  better  suited  for  this  industry. 

^  Univ.  California  Pub.  Agr.  Sci.  Ser.  5,  1,  63. 
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Respiration. — Duvel  ^  and  C.  H.  Bailey  and  Gurjar^  have  shown  that 
respiration  of  stored  grain  and  the  consequent  carbon  dioxide  formed 
increase  with  the  water  content.  The  last-named  authors  found  that  the 
increase  of  carbon  dioxide  was  gradual  up  to  15  per  cent,  then  rapid  from 
15  to  17  per  cent.  Hard  wheat  respired  slightly  more  rapidly  than  soft 
wheat,  and  shriveled,  frosted,  and  dampened  wheat  somewhat  more 
rapidly  than  normal.  Bailey  and  Gurjar  in  a  later  paper  ^  show  that  the 
most  active  respiration  takes  place  in  the  embryo  and  increases  on 
sprouting. 

Wheat  Flour  and  By-products. — Milling  is  a  mechanical  process 
having  for  its  purpose  primarily  the  separation  of  the  endosperm  from 
the  embryo  (germ)  and  bran  coats  and  secondarily  fine  commutation. 
No  clear  idea  of  the  nature  of  the  products  can  be  obtained  without  a 
comparison  of  structure  of  the  kernel  and  the  chemical  composition  of 
the  different  parts.  A  perfect  separation  into  the  morphological  groups 
is  not  possible,  but  patent  flour  of  high  grade  represents  with  reasonable 
accuracy  the  inner  endosperm.  Embryo  and  bran,  even  if  well  dusted, 
still  contain  starchy  matter  from  the  outer  endosperm  which  cannot  be 
removed  mechanically,  but  analyses  of  these  and  the  patent  flour  such 
as  the  following  by  Teller,'^  with  due  allowance  for  contamination,  are 
highly  instructive  and  dovetail  with  observations  made  under  the 
microscope.  It  is  indeed  most  unfortunate  that  the  extensive  investiga¬ 
tions  on  the  proteins,  fats,  and  carbohydrates  of  this  cereal  have  not  been 
made  in  conjunction  with  equally  extensive  studies  of  structure  and 
micro-reactions. 


Composition  of  Patent  Flour,  Germ,  and  Bran  (Teller) 


Water 

True 

protein 

Vmidcs 

Fat 

Dex- 

trins 

Dex¬ 

trose 

Sucrose 

Starch 

Pen¬ 

tosans 

Fiber 

Ash 

Flour .  . 
Germ.  . 
Bran. . . 

% 

12.50 

7.80 

11.80 

% 

11.23 

25.87 

14.65 

% 

0.  15 

2.65 

0.95 

\ 

% 

1.38 

11.40 

3.80 

% 

5.53 

7.00 

1.85 

% 

trace 

trace 

% 

0.35 

14.60 

4.60 

% 

68.75 

13.72 

16.30 

% 

2.60 

4.90 

23.73 

% 

0.  10 

1 . 35 

11.30 

% 

0.40 

4.70 

5.00 

The  above  figures  for  protein  represent  the  true  protein  obtained 
by  subtracting  the  per  cent  of  amide  from  that  of  total  nitrogen  and 
multiplying  by  6.25.  The  flour  (patent),  germ,  and  bran  contained, 

'  U.  S.  Dept.  Agr.,  Bur.  Plant  Ind.  1904,  Bui.  63,  90. 

U.  Agr.  Res.  1918,  12,  685. 

3  J.  Biol.  Chem.  1920,  44,  5. 

^Eighth  Int.  Cong.  Appl.  Chem.  1912,  13,  277. 
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respectively:  total  nitrogen  2.00,  5.07,  and  2.76;  starch,  undetermined 
and  error  (by  difference)  65.76,  19.73  and  22.32  per  cent.  ^ 

In  ordinary  milling  practice  more  than  one  grade  of  flour  and  more 
than  two  by-products  (bran  and  germ)  are  obtained.  Even  it  the  flour 
IS  nulled  as  a  ‘straight  ”  containing  the  entire  bread-making  part  of 
e  kernel,  the  red  dog  ”  flour,  suited  only  for  cattle  feed,  is  obtained 
as  a  fine  by-product.  However,  there  may  be  more  than  one  grade  of 
patent  and  one  or  more  grades  of  “  clear,”  that  is,  inferior  quality 
flour.  1  he  shorts  ”  containing  the  greater  part  of  the  embryo,  also 
known  as  “  middlings  ”  or  “  fine  bran,”  may  be  marketed  separately 
or  mixed  with  the  bran  to  form  “  mixed  feed/’ 

The  following  analyses  of  Snyder  i  are  of  representative  products 
from  the  same  wheat.  Of  course  the  straight  and  the  four  grades  of 
patent  and  clear  could  not  be  obtained  from  the  same  milling,  as  the 
former  contains  all  or  part  of  the  latter. 


Composition  of  Wheat  Products  of  Same  Milling  (Snyder) 


Water 

Protein 

(XX5.7) 

Fat 

N-f.  ext. 
and  fiber 

Ash 

Acid 
calc,  as 
lactic 

% 

% 

% 

% 

/o 

% 

First  patent  flour . 

10.55 

11.08 

1.15 

70.85 

0.37 

0.08 

Second  patent  flour . 

10.49 

11.14 

1.20 

70.75 

0.42 

0.08 

Straight  flour . 

10.54 

11.99 

1.01 

75.30 

0.50 

0.09 

First  clear  flour . 

10.13 

13.74 

2.20 

73.13 

0.80 

0.12 

Second  clear  flour . 

10.08 

15.03 

3.77 

09.37 

1.75 

0.50 

“Red  dog”  flour . 

9.17 

18.98 

7  00 

01 .37 

3.48 

0.59 

Shorts . 

8.73 

14.87 

0.37 

05.47 

4.50 

0.14 

Bran . 

9.99 

14.02 

4.39 

05.54 

0.00 

0.23 

“Entire-wheat”  flour . 

10.81 

12. 20 

2.24 

73.07 

1.02 

0.32 

Graham  flour . 

8.G1 

12  05 

2  44 

74  58 

1  72 

0  18 

Wheat . 

8.50 

12.05 

2.30 

74.09 

1.80 

0.18 

Proximate  analyses  by  Sullivan  and  Near  of  wheat  and  its  milling 
products  are  given  below  in  conjunction  with  ash  analyses. 

The  composition  of  typical  hard  and  soft  wheat  flours,  also  the 
influence  of  age  and  bleaching  with  nitrogen  peroxide  on  color,  are  shown 
in  the  table  on  the  following  page. 

The  gasoline  color  value,  determined  by  a  method  proposed  by 

^  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1901,  Bui.  101. 
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Winton/  includes  only  the  color  associated  with  the  fat  the  bleachable 
color — and  not  the  bran  color. 


Composition  and  Color  Values  of  Flour  from  Hard  and  Soft  Wheat  (Winton) 
(The  figures,  excepting  gasoline  color  value,  are  percentages) 


Minnesota 
Hard  Spring 

Nebraska 
Hard  Winter 

Michigan 

Soft  Winter 

78% 

patent 

22% 

clear 

80% 

patent 

20% 

clear 

80% 

patent 

18% 

clear 

Water . 

Protein  (NX 5.7): 

13.74 

13.26 

13.33 

12.85 

13.22 

12.62 

Total . 

10.60 

11.74 

10.09 

11.86 

8.66 

12.26 

Alcohol-soluble . 

5.84 

6.21 

5.79 

6.55 

5.24 

5.53 

Salt-soluble . 

Gluten: 

1.62 

2.19 

1.48 

2.02 

1.45 

2.19 

Moist . 

36.93 

38.76 

30.48 

42.50 

20.23 

31.24 

Dry . 

12.48 

13.41 

9.85 

13.08 

6.97 

10.55 

Fat . 

1.09 

1.98 

0.85 

1.32 

1.11 

1.77 

N-f.  ext . 

74.07 

71.91 

75.16 

73.06 

76.40 

72.19 

Fiber . 

0.06 

0.26 

0.18 

0.24 

0.19 

0.27 

Ash . 

0.44 

0.85 

0.39 

0.67 

0.42 

0.89 

Acidity  calc,  as  lactic .... 
Gasoline  color  value: 
Unbleached: 

0.10 

0.23 

0.08 

0.16 

0.11 

0.25 

New . 

2.00 

2.00 

2.63 

2.50 

1.43 

1.61 

Aged  10  weeks . 

1.78 

1.82 

2.12 

2.17 

1.22 

1.49 

Aged  20  weeks . 

1.20 

1.34 

1.36 

1.68 

0.80 

1.20 

Aged  30  weeks . 

Bleached : 

0.72 

0.88 

0.70 

0.82 

0.56 

0.72 

New . 

0.60 

0.66 

0.80 

0.80 

0.40 

0.50 

Wheat  Embryo  (Germ).— Analyses  by  Schulze  and  Frankfurt  2  and 

Kaining,2  calculated  to  the  dry  substance,  are  tabulated  on  the 
following  page. 

Water— As  discussed  in  the  preliminary  chapter  on  cereals,  the 
amount  of  water  influences  greatly  the  keeping  qualities  of  the  grain  and 
Its  products.  Flour  being  a  highly  refined  product  for  discriminating 
human  consumers,  its  deterioration  is  a  matter  of  serious  concern. 

^U.  S.  Dept.  Agr.,  Bur.  Chem.  1911,  Bui.  137,  144. 

2  Z.  physiol.  Chem.  1895,  20,  535. 

=*  Z.  ges.  Getreidew.  1917,  9,  167. 
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Composition  of  Wheat  Embryo 


Schulze  and 
Frankfurt 

Kalning 

%  ‘ 

% 

Protein  soluble  in  water . 

13.62 

19.76 

Protein  insoluble  in  water. . 

21 .62 

20.99 

Fat . 

13.51 

12.00 

Lecithin . 

1.55 

Phytostorol . 

44.00 

Nitrogen-free  extract . 

44.72 

39.25 

Raffinose . 

6.89 

Pentosiins . 

11  55 

Reducing  sugar . 

4  07 

Sugar  after  inversion . 

18  56 

Fiber . 

1.71 

2.50 

Ash . 

4.82 

5.50* 

*  P2O6:  total  2.32,  water  soluble  1.62  per  cent. 


Snyder  and  Sullivan  ^  after  exhaustive  investigations  have  pointed 
out  the  errors  due  to  faulty  methods  of  determining  water  in  flour,  the 
fallacy  of  arbitrarily  basing  government  standards  on  such  methods,  and 
the  injustice  of  judging  flour  by  the  high  results  obtained  by  accurate 
methods  as  compared  with  standards  based  on  faulty  methods,  such  as 
oven  drying  in  open  dishes,  yielding  low  results. 

The  low  results  by  the  open-dish  method,  once  largely  employed  in 
the  analysis  of  wheat  products,  are  partly  but  not  completely  nor  uni¬ 
formly  compensated  for  by  the  use  of  the  conventional  factor  6.25 
instead  of  the  more  accurate  factor  5.70. 

Proteins. — Gluten,  the  rubbery  substance  obtained  by  kneading  the 
dough  of  white  flour  under  a  stream  of  water,  is  neither  a  definite  pro¬ 
tein  nor  a  definite  mixture  of  proteins;  nor  is  it  all  nitrogenous  matter. 
According  to  Olson,  ^  on  the  average  about  75  per  cent  of  the  total  nitro¬ 
gen  of  the  flour  is  obtained  in  the  gluten,  the  amount  being  relatively 
greater  if  the  flour  is  high  in  protein,  since  in  low  protein  flour  there  is  a 
mechanical  loss  due  to  “  scattering.”  Mixed  with  the  proteins  are  vari¬ 
able  amounts  of  starch,  ash,  fat,  and  water.  Whether  weighed  wet  or 
after  drying,  the  amount  obtained  varies,  greatly  with  the  salts  in  the 
water  used  in  washing  and  the  manipulation. 

The  proteins  of  wheat  and  rye  are  similar  and  perhaps  identical,  as 

*  J.  Ind.  Eno;.  Chem.  1924,  16,  741,  1163;  1925,  17,  311;  1926,  18,  272. 

2.J.  Tnd.  Eng.  Chem.  1912,  4,  206. 
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mio-ht  be  expected  in  view  of  the  close  botanical  relation  of  the  two  and 
the  very  slight  difference  in  structure.  Although  the  Bamihl  test  is 
valuable  in  distinguishing  wheat  from  rye  flour,  it  has  been  the  experi¬ 
ence  of  the  writers  that  the  latter  often  shows  a  small  but  unmistakable 
amount  of  gluten;  on  the  other  hand,  wheat  flour  may  yield  only  a 
small  amount  of  gluten  quite  out  of  proportion  to  the  protem  content. 

Endosperm  Proteins. — These,  forming  the  bulk  of  the  gluten,  are 
radically  different  from  the  embryo  proteins.  Taddei^  found  in  gluten 
two  substances,  one  soluble  in  alcohol,  “  gliadin,”  and  one  insoluble  in 

alcohol,  ‘‘  zymon.” 

Ritthausen^  found  four  proteins  in  the  endosperm,  three  soluble  in 
alcohol  but  insoluble  in  water,  now  known  as  prolamines  or  gliadins, 
and  one  insoluble  in  alcohol  but  soluble  in  dilute  alkali  or  acid,  now  known 
as  glutenin,  a  glutelin,  which  he  named  gluten-casein.  The  names  he 
assigned  to  the  prolamines  and  the  strength  of  alcohol  in  which  they 
dissolve  are:  gluten-fibrin  80  to  90  per  cent,  gliadin  60  to  70  per  cent, 
and  mucedin  30  to  40  per  cent. 

Osborne  and  Vorhees  ^  found  only  two  proteins  present  in  consid¬ 
erable  amount  in  the  endosperm:  one  prolamine,  gliadin,  soluble  in  70 
per  cent  alcohol,  and  one  glutelin  identical  with  Ritthausen’s  gluten- 
casein  to  which,  at  the  suggestion  of  S.  W.  Johnson,  under  whose  direc¬ 
tion  the  study  of  proteins  was  undertaken,  he  gave  the  name  glutenin. 
The  specific  rotation  of  wheat  gliadin  in  80  per  cent  alcohol,  determined 
by  Osborne  and  Harris,'^  is  —92.28°,  and  in  70  per  cent  alcohol,  deter¬ 
mined  by  Matthewson,^  is  —91.95°. 

Konig  and  Rintelen  ^  confirmed  Ritthausen's  conclusions  that  three 
prolamines  are  present  in  the  alcohol  extract;  Osborne  and  Harris 
repeated  the  work  of  Osborne  and  Vorhees  and  again  found  but  one. 

Csonka  and  Jones  ^  obtained,  from  a  0.2  per,cent  sodium  hydroxide 
extract  by  precipitation  with  ammonium  sulphate  added  to  about  0.018 
and  0.18  saturation,  respectively,  two  glutelins,  a  and  /5,  both  with  the 
same  isoelectric  point  (pH  6.45).  Csonka,  Horn,  and  Jones  ^  give  the 

following  values  at  20°,  for  the  glutelins  prepared  as  described  above* 
a -85.1, -76.6. 

^  Ann.  Phil.  1820,  16,  390. 

2  Die  Eiweisskorper,  etc.  Bonn,  1872. 

3  Am.  Chem.  J.  1893,  15,  392;  1894,  16,  524. 

^  J.  Am.  Chem.  Soc.  1903,  25,  842. 

®  Ibid.  1906,  23,  1482. 

®Z.  Enters.  Nahr.-Genussm.  1904,  8,  401. 

^  Am.  J.  Physiol.  1905,  13,  35. 

®  J.  Biol.  Chem.  1927,  73,  321. 

®  Ibid.  1930,  89,  267. 
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Blish  and  Sandstcdt  ^  present  evidence  showing  that  the  glutenin 
as  separated  and  examined  by  previous  investigators  is  not  the  sub¬ 
stance  that  exists  in  wheat  and  flour  but  a  product  of  irreversible  altera¬ 
tion  of  a  more  complex  substance.  Comparison  of  results  of  several 
chemists  and  even  of  the  sanie  group  of  chemists  shows  that  glutenin 
preparations  present  a  much  wider  variation  in  total  nitrogen,  amide 
nitrogen,  and  arginine  nitrogen  than  gliadin,  attributable  to  unavoidable 
errors  and  losses  in  the  process  of  separation.  Two  preparations  of  their 
own  were  made  by  the  usual  method  of  extraction  excepting  that  in 
one  (I)  N/60  and  in  the  other  (II)  N/5  sodium  hydroxide  was  employed. 
Analysis  gave  the  following  widely  different  results: 


NaOII 

Total  N  . 

Amide  N 

Basic  N 

gram 

% 

% 

I . 

N/00 

0.1393 

24.4 

9.7 

11 . 

N  5 

0  1093 

18.1 

13.1 

A  new  method  of  preparation  tentatively  adopted  is  in  substance  as 
follows:  crude  gluten^prepared  by  washing  in  the  usual  manner  is  finely 
macerated  and  mixed  with  a  large  volume  of  dilute  acetic  acid.  After 
standing  overnight  a  thoroughly  dispersed,  somewhat  viscid  solution, 
with  starch  and  other  impurities  in  suspension,  is  obtained.  In  lieu  of 
filtering,  which  was  found  impossible,  the  solution  is  diluted  with  methyl 
alcohol  to  65  to  70  per  cent  concentration  and  slowly  centrifuged.  To 
the  highly  opalescent  solution  sodium  hydroxide  is  cautiously  added, 
avoiding  excess,  until  the  pH  is  slightly  below  7.  The  heavy  glutinous 
precipitate,  purified  by  dissolving  and  reprecipitating  several  times,  is 
dried  by  means  of  alcohol  and  ether.  It  appears  to  contain  about  17.5 
per  cent  of  nitrogen,  and  yields  on  hydrolysis  about  22  per  cent  of  amide 
nitrogen  and  9  per  cent  of  arginine  nitrogen  calculated  in  terms  of  the 
total  nitrogen.  Further  investigation  along  the  line  suggested  will 
doubtless  modify  the  ideas  of  glutenins  previously  held  and  may  mate¬ 
rially  extend  our  knowledge  of  proteins  as  a  group. 

Although  Osborne  and  \'orhees  separated  and  analyzed  small  quanti¬ 
ties  of  globulin  and  proteose  from  wheat  flour,  Osborne  ^  questions  their 
occurrence  in  the  endosperm  since  it  was  uncertain  whether  the  embryo 
had  been  completely  removed  in  the  process  of  milling.  Hoffman  and 
Gortner  ^  doubt  the  presence  in  any  appreciable  amount  of  true  globulin 

or  proteose  in  patent  wheat  flour. 

M.  Biol.  Chem.  1929,  86,  195. 

2  The  Proteins  of  the  Wheat  Kernel.  Washington  1907,  p.  108. 

2  Cereal  Chera.  1927,  4,  221. 
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Morishimai  believes  that  there  is  but  one  protein  in  gluten,  ‘^arto- 
lin,”  and  that  gliadin  and  glutenin  are  merely  derivatives. 

'  Embryo  Proteins —O^hovnQ  and  his  co-workers  found  three  proteins: 
(1)  leucosin,  soluble  in  water  (an  albumin),  (2)  a  globulin  similar  to 
globulins  of  other  proteins,  and  (3)  one  or  more  proteoses. 

The  Ultimate  Composition  of  the  different  proteins  as  determined  by 
Osborne  and  Vorhees  ^  follows: 


Leucosin 

Globulin 

Gliadin 

Glutenin 

Proteose  * 

Proteose  f 

Carbon . 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

% 

53.02 

6.84 

16.80 

1.28 

22.06 

% 

51.03 

6.85 

18.39 

0.69 

23.04 

% 

52.72 
6.86 

17.66 

1.03 

21.73 

% 

52.34 

6.83 

17.49 

1.08 

22.23 

% 

49.94 
6.80 

17.08 

1.24 

24.94 

% 

48.99 

6.85 

16.89 

1.10 

26.17 

100.00 

100.00  ' 

100.00 

100.00 

100.00 

100.00 

*  Insoluble  in  saturated  NaCl. 
t  Soluble  in  saturated  NaCl. 


Csonka  and  Jones  ^  in  their  preparations  of  a-  and  /3-glutelin  obtained 
the  following  results: 


a-Glutelin 

j8-Glutelin 

Nitrogen  (water-  and  ash-free  basis) . 

% 

17.14 

1.59 

0.14 

% 

16.07 

Sulphur  (water-  and  ash-free  basis) . 

Ash  (water-free  basis) . 

0.61 

It  is  obvious  from  the  nitrogen  content  of  gliadin  and  glutenin,  which 
constitute  the  proteins  of  the  endosperm,  that  the  factor  6.25,  based  on  a 
nitrogen  content  of  16  per  cent,  is  inaccurate  for  flour.  It  is  quite 
impracticable  to  use  a  different  protein  factor  for  each  seed  and  seed 
product,  but  in  the  case  of  wheat  flour  and  other  products  of  the  wheat 
endosperm  the  use  of  the  factor  5.70  seems  justiflable. 

Percentages  of  Proteins  in  Wheat. — In  fine  meals  prepared  by  grind¬ 
ing  the  entire  kernels  of  Spring  and  Winter  wheat,  Osborne  found  the  ' 

1  Arch.  exp.  Path.  Pharm.  1898,  41,  348. 

2  Loc.  cit. 

^  Loc.  cit. 

^The  Proteins  of  the  Wheat  Kernel.  Washington  1907,  p.  103. 
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following  percentages  of  the  different  proteins  and  of  the  nitrogen  in  the 
form  of  these  proteins: 


Spring  Wheat 

Winter  Wheat 

Nitrogen 

Protein 

Nitrogen 

Protein 

Leucosin  or  albumin  (soluble  in  water).  . 

Globulin  (soluble  in  salt  solution) . 

Gliadin  (soluble  in  alcohol) . 

Glutenin  (soluble  in  dilute  alkali) . 

Coagulum . 

% 

0.0G6 

0.125 

0.C03 

0.825 

0.045 

0.034 

0.224 

% 

0.39 

0.G3 

3.06-* 

4.63* 

0.27 

0.21 

1.27* 

% 

0.060 

0.115 

0.688 

0.735 

0.038 

0.079 

0.155 

% 

0.36 

0.63 

3.91* 

4.17* 

0.22 

0.43 

0.83* 

Proteose . . 

From  water  washings  of  gluten . 

Total . 

1.027 

11.41 

1.870 

10.60 

*  NXo.08. 


The  coagulum,  like  the  leucosin,  is  soluble  in  water  but  unlike  it  does 
not  precipitate  on  heating  to  65°  or  just  to  boiling.  It  does,  however, 
coagulate  on  long  boiling  of  the  solution.  The  proteose  is  soluble  in 
water  but  does  not  separate  on  prolonged  boiling.  ^  The  globulin,  as  is 
true  of  the  class,  is  insoluble  in  water  but  soluble  in  10  per  cent  salt  solu¬ 
tion.  Gliadin,  a  prolamine,  is  insoluble  in  both  water  and  brine  but 
soluble  in  70  to  CO  per  cent  alcohol.  Glutenin,  a  glutelin,  is  insoluble 
in  water,  salt  solution,  and  alcohol  but  soluble  in  dilute  alkalies  or  acids. 

Amino  Acids  of  Wheat  Proteins— KossqX  and  Kutscher  ^  determined 
the  hexone  bases  in  gliadin,  but  Abderhalden  and  Samuely,^  employing 
Fischer’s  method,  were  the  first  to  determine  with  any  degree  of  com¬ 
pleteness  the  kind  and  approximate  amount  of  the  mono-amino  acids 
obtained  by  hydrolysis.  Osborne  and  Clapp,^  following  the  methods  of 
Fisher,  Kossel  and  Abderhalden,  and  their  co-workers,  repeated  the  work 
of  the  foregoing  and  extended  it  to  other  proteins.  In  the  case  of  gliadm 
the  sum  of  their  results  was  65.81  per  cent,  which  although  more  than 
in  the  case  of  glutenin  and  leucosin  left  much  to  be  desired.  More 
recently  Osborne  and  Guest,-*  using  better  methods,  have  obtained  more 
accurate  figures  for  valine,  leucine,  glutamic  acid,  proline,  and  trypto- 

^  Z.  physiol.  Chem.  1900,  31,  1G5. 

2  Ibid.  1905,  44,  276. 

3  Am.  J.  Physiol.  1906,  17,  231. 

4  J.  Biol.  Chem.  1911,  9,  425. 
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phane;  and  Osborne,  Van  Slyke,  Leavenworth,  and  Vinograd,  using 
Van  Slyke’s  method,  have  revised  the  figures  for  lysine  and  histidine. 
In  the  following  table  these  revised  figures  have  been  introduced,  making 
the  total  86.33,  the  figures  under  glutenin  and  leucosin  remaining  as 
originally  reported  by  Osborne  and  Clapp : 


Products  of  Hydrolysis  of  Wheat  Proteins  (Osborne  et  al.) 


Leucosin 

Gliadin 

Glutenin 

% 

% 

% 

Glycocoll . 

0.94 

0.00 

0.89 

Alanine . 

4.45 

2.00 

4.65 

Valine . 

0.18 

3.34 

0.24 

Leucine . 

11.34 

6.62 

5.95 

Serine . 

.... 

0.13 

0.74 

Cvstine . 

.... 

0.45 

0.02 

Aspartic  acid . 

3.35 

0.58 

0.91 

Glutamic  acid . 

6.73 

43.66 

23.42 

Tyrosine . 

3.34 

1.20 

4.25 

Phenylalanine . 

3.83 

2.35 

1.97 

Proline . 

3.18 

13.22 

4.23 

Tryptophane . 

present 

1 . 00  circa. 

present 

Arginine . 

5.94 

3.16 

4.72 

Lysine . 

2.75 

1.21 

1.92 

Histidine . 

2.83 

2.19 

1.76 

Ammonia . .  .  .  .  . 

1.41 

5.22 

4.01 

50.27 

86.33 

59.68 

Determinations,  by  Cross  and  Swain,  ^  of  tyrosine  and  tryptophane 
in  gliadin  and  glutenin  from  different  flours,  following  the  Folin  and 
Looney  method,  show : 


Gliadin 


Idaho 

Patent 

Club 

Forty 

Lid 

Tyrosine . 

% 

5.10 

1.11 

/o 

5.10 

1.19 

% 

5.04 

1.03 

% 

5.04 

1.13 

Tryptophane. .  . 

Glutenin 


Idaho 

Patent 

Club 

Forty¬ 

fold 

% 

/O 

% 

% 

5.34 

5.52 

5.47 

5.92 

1.59 

1.61 

1.55 

1.61 

^  J.  Biol.  Chem.  1915,  22,  259. 

2  Ind.  Eng.  Chem.  1924,  16,  49. 
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Jones,  Gersdorff,  and  jVIoeller  ^  by  improved  methods  secured  the 
following  results  on  wheat  endosperm  proteins: 


Gliaclin 

Glutenin 

I 

II 

Cystine . 

% 

1.68 

0.70 

% 

1.76 

1.09 

% 

1.56 

1.72 

Tryptophane . 

The  percentages  of  basic  amino  acids  found  by  Csonka  and  Jones  ^ 
in  the  two  glutelins  they  separated  follow: 


a-Glutelin 

/3-GluteIin 

% 

% 

Cystine . 

3.25 

7.49 

Arginine. 

5.83 

3.05 

Lysine . 

3.48 

3.67 

Histidine . 

2.76 

5.75 

Nitrogen  Distribution  in  Wheat  Proteins. — Although  made  at  a  time 
when  the  constitution  of  the  proteins  was  not  well  understood,  determi¬ 
nations  made  by  Osborne  and  Harris,^  showing  the  nitrogen  distribution 


Nitrogen  Distribution  in  Wheat  Proteins  (Osborne  and  Harris) 


• 

Leucosin 

(albumin) 

Gliadin 

Glutenin 

Hum  in  N . 

% 

0  43 
3.50 
11.83 
1.16 

% 

0.07 

1.00 

12.25 

4.34 

% 

0.19 

2.05 

11.95 

3 . 30 

Di-amino  N . 

Mono-amino  N . 

A  midn  N . 

Total  N  . 

16.92 

17.66 

17.49 

1  J.  Biol.  Chem.  1924,  62,  183. 

2  IjOC.  cit. 

3  J.  Am.  Chem.  Soc.  1903,  26,  323. 
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in  three  groups,  are  of  interest  for  comparison  with  the  more  detailed 
analyses. 

Gortner  and  Blish  ^  have  found  that  tryptophane  is  largely  respon¬ 
sible  for  the  formation  of  humin  which  takes  place  during  hydrolysis, 
although  other  amino  acids  act  to  a  greater  or  less  extent. 

Determination  of  the  nitrogen  distribution  in  the  gliadin,  glutenin, 
and  crude  gluten  of  both  strong  and  weak  flour  led  Blish  ^  to  the  conclu¬ 
sion  that  the  individual  proteins  of  both  types  of  flour  are  identical  in 
chemical  constitution,  also  that  the  gliadin-glutenin  ratio  is  much  more 
nearly  constant  in  flours  of  different  baking  qualities  than  had  hitherto 
been  supposed.  He  found,  however,  that  the  percentages  of  albumin 
and  globulin  show  marked  variation,  and  that  the  contents  of  ammonia 
nitrogen  in  the  different  proteins  of  the  same  flour  differ  so  widely  as  to 
serve  as  an  accurate  indication  of  the  amounts  of  the  various  proteins 
present.  In  obtaining  the  results  shown  below.  Van  Slyke’s  method  as 
modified  by  Gortner  was  used,  but  no  correction  was  made  for  the  solu¬ 
bility  of  the  bases. 


Nitrogen  Distribution  in  the  Proteins  of  Strong  and  Weak  Flour  (Blish) 


Gliadin 


Strong 

Weak 

% 

% 

Humin  N . 

0.50 

0.57 

Cystine  N . 

0.37 

0.29 

Arginine  N . 

4.55 

4.47 

Lysine  N . 

0.65 

0.97 

Histidine  N . 

6  77 

5  62 

Amino  N* . 

53.46 

54.10 

Non-amino  N*. . . . 

7.44 

7.55 

Ammonia  N .  . . . 

26.13 

25.90 

99.97 

99.47 

Glutenin 

Gluten 

Strong 

Weak 

Strong 

Weak 

Weak 

% 

1.84 

0.18 

9.69 

2.61 

5.47 

53.59 

9.52 

16.50 

% 

1.66 

0.18 

9.27 

1.90 

7.59 

53.38 

9.35 

16.17 

% 

1.19 

0.46 

5.24 

2.21 

2.79 

55.21 

9.54 

22.87 

% 

1.37 

0.70 

5.54 

2.60 

1.28 

56.15 

9.88 

23.19 

% 

1.11 

0.43 

5.54 

2.28 

1.50 

55.14 

10.13 

23.69 

99.40 

99.50 

99.51 

100.71 

99.82 

*  In  filtrate  from  bases. 


In  accord  with  Blish’s  results,  so  far  as  they  show  that  the  proteins 
different  types  of  flour  are  identical,  are  the  results  of  CrLs  and 


M.  Am.  Chem.  Soc.  1915,  37,  1630. 
2  J.  Ind.  Eng.  Chem.  1916,  8,  138. 
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Swain/  who  determined  the  nitrogen  distribution  by  Van  Slyke’s 
method  in  the  gliadin  and  glutenin  of  four  flours  from  different  wheats 
and  of  the  gliadin  of  different  mill  streams.  ^Differences  in  behavior  of 
the  flours  are  attributed  to  physical  state  rather  than  chemical  con¬ 
stitution. 


Nitrogen  DisTiunuTioN  in  Cliadin  and  Glutenin  from  Different  Flours 

(Cross  and  Swain)  * 


Gliadin 

Glutenin 

Idaho 

Patent 

Club 

Forty¬ 

fold 

Idaho 

Patent 

Club 

Forty¬ 

fold 

% 

% 

% 

% 

% 

% 

% 

% 

Acid-insoluble 

huniin  N .  .  .  . 

0.03 

0.18 

0.15 

0.11 

O.GG 

0.52 

0.63 

0.67 

Acid-soluble 

humin  N  .  .  .  . 

0.44 

0.57 

0.39 

0.40 

0.80 

0.91 

0.94 

1.07 

PhosphotuiiR- 

Stic  humin  N. 

0.23 

0.20 

0.13 

0.14 

0.49 

0.37 

1.20 

0.86 

Cystine  N . 

0.71 

0.84 

0.77 

0.73 

0.72 

0.71 

0.65 

0.65 

Arginine  N  .  .  .  . 

4.89 

5.0G 

5.21 

4.78 

10.10 

8.17 

9.23 

12.94 

Lysine  N . 

0.G6 

0.59 

0.5G 

0.55 

4.74 

4.93 

4.72 

6.42 

Histidine  N. . . . 

5.54 

5.99 

G.41 

5.84 

7.0G 

9.22 

11.42 

6.20 

Amino  N* . 

52. 2G 

52.73 

53. 2G 

51.44 

54.02 

54.57 

5G.55 

55.62 

Non-amino  N*. 

4.44 

4.55 

5.52 

5.G5 

3.G6 

3.81 

2.64 

3.98 

Ammonia  N .  .  . 

2G.79 

2G.40 

2G.20 

2G.20 

15. G2 

15.98 

14.17 

13.11 

9G.04 

97.11 

93. GO 

95.84 

97.87 

99.19 

102.15 

101.52 

*  In  filtrate  from  bases. 


In  interpreting  the  above  figures,  due  allowance  should  be  made  for 
the  inaccuracies  of  some  of  the  methods.  More  convincing  that  the 
proteins  of  the  different  flours  are  identical  are  perhaps  the  percentages 
of  tyrosine  and  tryptophane,  determined  by  the  Folin  and  Looney 
method,  which  arc  given  under  the  head  of  Amino  Acids  of  Wheat 

Proteins. 

From  a  single  sample  of  patent  wheat  flour,  Hoffman  and  Gortner  ^ 
isolated  gliadin  and  glutenin  and  two  preparations  each  of  albumin  and 


^  Loc.  cit. 

*  Cereal  Chem.  1927,  4,  221. 
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Nitrogen  Distkibdtion  in  Gliadin  from  Different  Mill  Streams  (Cross  and 

Swain) 


Patent 

Second 

crush 

Clear 

Third 

tailings 

Residue 

A />irl_inonliiKlp  biimi'n  N . . 

% 

0.10 

% 

0.14 

% 

0.12 

% 

0.15 

% 

0.64 

A  T»irl_<anlilhlp  fllimin  N . 

0.33 

0.40 

0.43 

0.41 

0.50 

Phosphotungstic  hum  in  N . 

r^TTist.inp  N  . 

0.11 

0.67 

0.14 

0.67 

0.35 

0.67 

0.26 

0.73 

0.27 

0.47 

Aririninp  N  . 

4.64 

5.07 

4.92 

5.00 

4.97 

T.vsinp  N  . 

0.25 

0.30 

1.20 

0.00 

0.73 

TTistirlinp  N . 

7.38 

6.35 

5.67 

7.71 

5  09 

AminnN* . 

52.97 

52.24 

52.30 

53.25 

53.65 

Non-amino  N* . 

Ammonia  N . 

7.62 

26.38 

10.01 

26.10 

7.46 

26.40 

5.82 

26.70 

6.02 

25.70 

100.45 

101.42 

99.52 

100.03 

98.04 

*  In  filtrate  from  bases. 


so-called  globulin.  One  of  the  albumin  preparations  was  of  doubtful 
purity,  and  certain  experiences  led  them  to  doubt,  as  noted  above,  the 
presence  of  any  appreciable  amount  of  true  globulin,  hence  these  ques¬ 
tionable  results  are  not  included  in  the  following  table: 


Nitrogen  Distribution  in  Gliadin  and  Glutenin  from  Patent  Flour  (Hoff¬ 
man  AND  Gortner) 


Gliadin 

Glutenin 

Albumin 

% 

% 

% 

Insoluble  humin  N . 

0.34 

0.78 

0.93 

Soluble  humin  N . 

0.32 

0.66 

1.13 

Cystine  N . 

0.44 

0.67 

1  63 

Arginine  N . 

5.29 

11.96 

15.70 

Lysine  N . 

0.50 

4.52 

9  50 

Histidine  N . 

8.22 

4.72 

4  44 

Amino  N  in  filtrate . 

53.23 

53.47 

49.47 

Non-amino  N  in  filtrate.  .  . 

5.95 

7.50 

7  04 

Ammonia  N . 

25.90 

13.56 

10.67 

100.19 

97.84 

100  51 

Total  N  in  protein . 

17.54 

17.20 

16  73 

Total  sulphur  in  protein. 

0.76 

0.96 

3.42 
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Larmour  ^  prepared  glutelin  from  common  wheat,  durum  wheat,  I 
spelt,  emmer,  and  einkorn,  as  well  as  from  other  cereals,  following  a  J 
modification  of  Osborne’s  method,  and  determined  the  nitrogen  distribu-  t 
tion  of  each  by  Van  Slyke’s  method.  He  designated  each  protein  by  a  1 
name  suggesting  its  origin  (duro-,  spelta-,  dicocco-,  and  monococco-  | 
glutelin)  although  he  does  not  claim  that  each  is  a  distinct  chemical  indi-  j 
vidual.  AMiether  the  differences  in  the  percentages  of  the  different  | 
forms  of  nitrogen  which  appear  in  the  following  table,  allowing  for  ; 
impurities  in  the  preparation  and  errors  in  the  methods,  are  properly  • 
attributable  to  actual  differences  in  the  proteins,  can  be  decided  only  by  ' 
further  investigation.  The  glutelins  of  common  wheat  and  the  closely 
related  durum  variety  show  a  wider  difference  in  histidine  than  is  shown 
between  any  other  two  members  of  the  series. 

Nitrogen  Distribution  in  Glutelins  of  Wheat  and  Chaffy  Wheats  (Larmour)  | 


Common 

wheat 

Durum 

wheat 

S{)elt 

Emmer 

Einkorn 

% 

% 

% 

% 

% 

Humin  N . 

1.70 

2.49 

5.02 

4.63 

6.04 

Cvst  ine  N . 

0.40 

0.88 

0  41 

0.75 

1.04 

Arginine  N . 

10.90 

11.00 

13.43 

13.03 

11.86 

Lvsine  N . 

5.83 

3.48 

7.80 

6.02 

4.82 

Histidine  N . 

1.67 

5.84 

2.80 

4.80 

2.44 

Amino  N* . 

58. 15 

54.47 

56.35 

54.41 

56.66 

Non-amino  N* . 

5.39 

9.01 

5.72 

4.93 

6.60 

Ammonia  N . 

14.78 

13.25 

8.06 

11.06 

10.78 

98.82 

100.42 

99.59 

99 . 63 

100.24 

*  In  filtrate  from  bases. 


Results  by  Csonka  and  Jones  ^  on  the  nitrogen  distribution,  calcu¬ 
lated  to  the  water-  and  ash-free  basis,  are  shown  on  the  next  page. 

Vickery  ^  by  mild  acid  hydrolysis  of  wheat  gliadin  obtained  a  precip¬ 
itate  which  gave  by  Van  Slyke’s  method  the  following  nitrogen  distribu¬ 
tion:  humin  N  absorbed  by  calcium  hydroxide  0.52,  humin  N  absorbed 
in  amyl  alcohol  extract  0.17,  cystine  N  1.35,  arginine  N  9.34,  histidine 
N  3.99,  lysine  N  2.75,  amino  N  67.72,  non-amino  N  in  the  filtrate  from 

bases  8.83,  and  amide  N  4.55  per  cent. 

^  J.  Agr.  Res.  1927,  36,  1091. 

2  Loc.  cit. 

3.1.  Biol.  Chem.  1923,  66,  415. 
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a-Glutelin 

/3-Glutelin 

% 

% 

Cystine  N . 

1.76 

5.43 

Arjiinine  N . 

10.95 

6. 10 

Lysine  N . 

3.09 

6 . 85 

Histidine  N . 

5.50 

6.17 

Amide  N . 

17.80 

11.06 

Amino  N  of  filtrate . 

45.40 

49.13 

^on-amino  N  of  filtrate . 

13.00 

14.90 

Bran  Pro^ems— Jones  and  Gersdorff  ^  have  taken  a  further  step  in 
the  right  direction  by  determining  the  kind  and  amount  of  proteins  in  the 
bran  as  distinguished  from  those  of  the  inner  endosperm,  supplementing 
Osborne’s  work  on  the  inner  endosperm  and  the  embryo.  An  excep¬ 
tionally  clean  bran  was  selected,  washed  with  cold  water  to  remove 
adhering  starch,  and  dried  at  a  low  temperature.  Extraction  with  the 
usual  protein  solvents,  including  0.5  per  cent  sodium  hydroxide,  removed 
86.61  per  cent  of  the  total  protein,  of  which  61.27  per  cent  was  actually 
obtained  in  the  form  of  isolated  proteins,  soluble  respectively  in  water, 
salt  solution,  and  alcohol,  namely:  albumin  16.64,  globulin  13.62,  and 
prolamine  31.01  per  cent. 

The  Ultimate  Composition  was  shown  to  be  as  follows: 


Ultimate  Composition  of  Wheat  Bran  Proteins  (Jones  and  Gersdorff) 


Albumin 

Globulin 

Prolamine 

Carbon . 

% 

53.21 

% 

53.43 

% 

54.25 

Hydrogen . 

6.71 

7.40 

6.75 

Nitrogen . 

15.42 

17.76 

15.35 

Sulphur . 

1.35 

0.91 

1.35 

Oxygen . 

23.31 

20.50 

22.30 

100.00 

100.00 

100.00 

Amino  Acids  of  Wheat  Bran  Proteins.— Jones,  Gersdorff  and 
Moeller  2  obtained  the  following  figures  for  cystine  and  tryptophane: 

M.  Biol.  Chem.  1923,  58,  117. 

2  Ibid.  1924,  62,  183. 
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Albumin 

Globulin 

Prolamine 

% 

% 

% 

Cystine . 

3.29 

1 .52 

2.29 

Tryptophane . 

4.70 

2.85 

1.37 

Nitrogen  Distribution  in  Bran  Proteins. — Jones  and  Gersdorff,'  by 
Van  Slyke’s  method  for  free  amino  nitrogen  and  bases,  Folin  and  Looney’s 
method  for  cystine  and  tyrosine,  and  May  and  Rose’s  method  for  tryp¬ 
tophane,  obtained  the  following  results: 


Nitrogen  Distribution  in  Bran  Proteins  (Jones  and  Gersdorff) 


.\lbumin 

Globulin 

Prolamine 

%. 

% 

% 

Cystine  N . 

3.29 

1.52 

2.29 

Arginine  N . 

10.01 

14.13 

4.41 

Histidine  N . 

2.57 

2.70 

0.84 

Lysine  N . 

4.51 

11.84 

2.45 

Tryptophane  N. . . . 

4.70 

2.85 

1.37 

Tyrosine  N . 

4.20 

3.09 

3.38 

Free  amino  N . 

2.84 

0.53 

1.88 

32.21 

43.33 

10.02 

The  lower  nitrogen  content  of  the  prolamine  of  the  bran  as  com¬ 
pared  with  that  of  wheat  gliadin,  the  greater  proportion  of  globulin 
to  prolamine,  and  the  differences  in  the  percentages  of  the  amino  acids 
are  noteworthy.  In  interpreting  the  results,  due  weight  should  be  given 
to  the  thicker  walls  of  the  aleurone  cells  which  hinder  penetration  by 
solvents— some  more  than  others— also  the  morphological  relation  of 
the  aleurone  cells  to  the  inner  endosperm  and  the  transition  of  starch 
cells  to  aleurone  cells  both  as  regards  walls  and  contents,  as  brought  out 
under  Microscopic  Structure. 

Free  Amino  Acids,  Acid  Amides,  and  Polypeptides.  The  following 
determinations  were  made  by  Jodidi  and  Markley  2  on  four  representa¬ 
tive  varieties  of  wheat  grown  in  the  United  States,  namely,  Kanred 


1  J.  Biol.  Chem.  1925,  64,  241. 

2  J.  Am.  Chem.  Soc.  1923,  46,  2137; 


J.  Agr.  Res.  1925,  30,  989. 
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(hard  red  Winter),  Fultz  (soft  red  Winter),  Marquis  (hard  red  Spring), 
and  Kubanka: 


Distribution  of  Non-protein  Nitrogen  in  W^heat  (Jodidi  and  IMarkle'!:) 


Acid  Amide 

N 

Amino  Acid 

N 

Peptide 

N 

% 

% 

% 

In  oven-dried  kernel: 

Fultz . 

0.026 

0.032 

0.084 

Kan  red . 

0.053 

0.066 

0.111 

Kubanka . 

0.052 

0.041 

0.155 

Marquis . 

0.058 

0.054 

0.151 

In  total  nitrogen: 

Fultz . 

1.46 

1.47 

4.67 

Kanred . 

1.88 

2.34 

3.89 

Kubanka . 

1.72 

1.35 

3.13 

Marquis . 

1.91 

1.77 

4.89 

Nitrogen  Distribution  in  Wheat  Foods. — The  Van  Slyke  method, 
designed  to  separate  the  amino  acids  of  pure  proteins  into  several 
groups,  has  been  applied  by  Nollau  ^  and  by  Grindley  and  co-workers  ^ 


Nitrogen  Distribution  in  Wheat  and  Wheat  Products 


(Parts  of  nitrogen  in  100  of  total  nitrogen) 


.\niide 

N 

Humin 

N 

Cystine 

N 

Arginine 

N 

Histidine 

N 

Lysine 

N 

Mono¬ 

amino 

N 

Non¬ 

amino 

N 

Total 

N 

Wheat  * . 

17.59 

9.67 

9.17 

22.53 

9.21 

13.75 

6.86 

1.01 

1.34 

5.96 

0.81 

1.91 

7.99 

12.53 

11.99 

7.61 

1.67 

3.84 

7.32 

5.57 

2.47 

4.04 

3.90 

0.51 

47.67 

49.95 

38.07 

49.05 

13.59  § 
0.00 
3.59  § 
9.76 

101.53 
99.74 
100.51  II 
97.95 

Wheat  bran  f.  . 
Wheat  bran  t.  . 
Wheat  gluten  f. 

*  Grindley  and  Slater, 
t  Nollau. 


J  Hamilton,  Uyei,  Baker,  and  Grindley. 

§  Includes  proline,  oxyproline,  tryptophane,  etc. 

II  Includes  ether  soluble  N  0  04  alcohol  solnKm  M  i  oo  ,  . 

trichloracCfc  acid  i„  filtrate  from  ;olloidal  iron  15.26,  N  ksUn'retLVoftnalyeL^^^  '  "" 


to  he  determination  of  the  total  amino  acids,  free  and  combined  as 
proteins,  in  cattle  foods.  Owing  partly  to  the  interference  of  carbo- 

ydrates  the  results  of  different  workers  are  far  from  concordant,  as  is 

'  J.  Biol.  Chem.  1915,  21,  611.  ’ 

J.  Am.  Chem.  Soc.  1915,  37,  2762;  1923,  46,  815. 
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indicated  by  some  of  the  figures  above.  Notwithstanding  the  criticisms 
of  Hart  and  Sure,  Gortner,  and  others,  Grindley  believes  that  the  results 
of  the  \  an  Slyke  method  applied  to  feeds  are  nearly  if  not  quite  as 
accurate  as  when  applied  to  pure  proteins  and  that  this  line  of  inquiry  is 
destined  to  be  of  practical  importance. 

Fat  (Ether  Extract). — The  fat  of  the  embryo  appears  to  be  different 
from  that  of  the  remainder  of  the  kernel,  hence  the  distinction  between 
wheat  germ  oil  and  wheat  meal  or  flour  oil.  As  obtained  by  milling 
machinery,  the  embryo  contains  about  15  per  cent  of  fat,  allowing  for- 
contamination  with  endosperm.  Assuming  that  the  embryo  forms  3  to 
4  per  cent  of  the  kernel,  as  stated  by  IMaurizio  on  the  authority  of 
Haberlandt,^  about  20  per  cent  of  the  fat  of  the  kernel  is  derived  from 
the  embr\'o,  the  bran  and  the  inner  endosperm  contributing  somewhere 
around  40  per  cent  each.  This  calculation  does  not  take  into  account 
the  imperfect  separation  of  bran  and  embryo  and  the  possibility  of  a 
large  amount  of  oil  being  scpieezed  out  of  the  embryo  in  milling  and 
absorbed  by  the  bran  or  the  starch  of  the  endosperm. 

Physical  and  Chemical  Values. — Wheat  germ  oil,  as  examined  by 
Frankforter  and  Harding,-  was  characterized  by  the  following  values: 
specific  gravity  at  15°  C.  0.9292  to  0.9374,  refractive  index  at  20°  C. 
1.4832,  saponification  number  187.4  to  190.3,  and  iodine  number  115.6. 
It  contained  2  per  cent  of  lecithin.  De  Negri  ^  found:  specific  gravity  at 
15°  C.  0.9245,  saponification  number  182.8,  iodine  number  115.2,  and 
acids  as  oleic  5.65  per  cent.  The  fatty  acids  solidified  at  29.7°  C., 
melted  at  39.5°  C.,  and  had  an  iodine  number  of  123.3. 

PI  ticker,  in  the  examination  of  10  samples  of  wheat  flour  oil,  found 
low’er  iodine  numbers  than  those  given  above  for  the  germ  oil,  the  range 
being  96. 1  to  112.5.  This  is  in  accord  with  the  experience  of  the  writers, 
who  have  noted  that  the  oil  from  patent  flour  has  a  lower  number  than 
that  from  clear  flour,  the  latter  being  contaminated  with  more  of  the 

embrj^o  tissue.  ' 

Ball  ^  examined  wheat  germ  oil  and  patent  flour  oil,  obtained  in  both 

cases  by  ether  extraction,  with  the  results  shown  on  the  next  page. 

Ball  also  obtained  the  following  on  the  germ  oil:  neutralization  num¬ 
ber  of  insoluble  acids  205.73,  of  solid  acids  228.94,  of  liquid  acids  202.66; 
mean  molecular  weight  of  insoluble  acids  272.72,  of  solid  acids  245.08, 

of  liquid  acids  276.85. 

1  Getreicle,  Mehl  iind  Brod.  Berlin,  1903,  p.  0. 

2 .1.  Am.  Chem.  Soc.  1899,  2i,  758. 

2  Chem.  Ztg.  1898,  22,  970. 

*7j.  Enters.  Nahr.-Genussm.  1907,  14,  751. 

6  Cereal  Chem.  1926,  3,  19. 
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Sp.  gr. 

Refr. 

index 

Sapon. 

^No. 

Iodine 

No. 

Reichert 

Meissl 

No. 

Polenske 

No. 

Hehner 

No. 

Ester 

No. 

Acid 

No. 

Unsap. 

matter 

Germ  oil. 
Flour  oil. 

0.9249* 

0.96941 

1.4686t 

1.4714t 

184.1 

160.9 

123.6 

105.4 

0.48 

0.25 

93.71 

162.7 

21.48 

% 

3.58 

2.51 

*  2o°/l°.  t  Temperature  ?  t28°/l°. 


\Vheiit  bran  oil,  examined  by  Stellwaag,i  contained  2.09  per  cent  of 
lecithin.  As  the  saponification  number  was  183.1,  the  bran  probably 
contained  the  embryo. 

Sterols. — Frankfurt  in  1887  reported  0.44  per  cent  of  “  cholesterol  ” 
in  wheat  germ  containing  13.51  per  cent  of  total  ether  extract  (crude 
fat).  He  further  states  that  the  melting  point  132°  C.  corresponds  with 
that  of  phytosterol  (131  to  132°  C.). 

Burian  ^  prepared  an  apparently  homogeneous  phytosterol,  “  sito¬ 
sterol,”  from  wheat  and  rye  germ.  The  melting  point  of  this  sitosterol 
was  137.5°  C.,  and  of  its  acetate,  127°  C.  The  “  parasitosterol  ”  from 
the  mother  liquors  had  a  similar  melting  point,  as  did  also  the  “  sito¬ 
sterol  ”  of  Ritter.^ 

Anderson  and  associates  have  thoroughly  studied  the  sterols  of  the 
inner  endosperm,  bran,  and  embryo  of  the  wheat  kernel. 

From  wheat  germ,  Anderson,  Shriner,  and  Burr  obtained  10  per 
cent  of  fat  containing  4  per  cent  of  unsaponifiable  matter  of  which  65 
per  cent,  equivalent  to  2.6  per  cent  of  the  fat,  was  crude  sterols.  Cal¬ 
culated  to  the  germ,  the  unsaponifiable  matter  amounted  to  about  0.4 
per  cent  and  the  sterols  to  0.26  per  cent.  They  did  not  obtain  a  pure 
homogeneous  sitosterol  but  mixed  sterols  which  they  showed  to  contain 
dihydrositosterol  (C27H47OH),  which  conceivably  was  derived  from  bran 
and  starchy  impurities,  and  at  least  three  sterols  isomeric  with  ordinary 
sitosterol  (C27H45OH),  namely  a-,  /?-,  and  7-sitosterol.  They  were 
unable  to  secure  the  a  and  /3  compounds  pure  but  did  separate  7-sito¬ 
sterol,  the  least  soluble  of  the  three,  in  the  form  of  fairly  pure  colorless 
plates  resembling  those  of  sitosterol  with  the  following  properties: 
melting  point  147  to  148°  C.;  specific  rotation  at  20°  C.  about  —42° 

Anderson  and  Nabenhauer  ^  extracted  the  fat  from  wheat  endosperm 
(or  rather  inner  endosperm)  from  which  the  bran  and  embryo  had  been 

1  Landw.  Vers.-Stat.  1890,  37,  133. 

2  Monatsh.  Chem.  1897,  18,  551. 

^Z.  physiol.  Chem.  1902,  34,  461. 

*  J.  Am.  Chem.  Soc.  1926,  48,  2987. 

®  Ibid.  1924,  46,  1717. 
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separated  as  completely  as  possible.  The  total  fat  obtained  by  extrac¬ 
tion  with  petroleum  ether  was  0.81  per  cent;  the  unsaponifiable  matter 
or  crude  phytosterol,  0.068  per  cent.  The  latter,  after  being  purified 
by  crystallization  from  alcohol  until  snow  white,  had  a  melting  point  of 
138.5°  C.  and  a  specific  rotation  at  20°  C.  in  chloroform  of  —15.6°. 

It  appeared  to  correspond  to  the  sitosterol  of  Burian. 

In  a  quantity  of  wheat  bran  used  in  further  experiments,  the  same 
authors  found  3  per  cent  of  petroleum  ether  extract,  which  in  turn  con¬ 
tained  6  per  cent  of  unsaponifiable  matter  equivalent  to  0.18  per  cent  of 
the  bran.  In  the  unsaponifiable  matter,  dihydrositosterol,  apparently 
identical  with  the  saturated  sterol  of  corn  endosperm,  was  particularly 
abundant.  Purified  by  repeated  crystallization,  it  had  a  melting  point 
of  144  to  145°  C.  and  a  specific  rotation  at  20°  C.  of  +25.82°.  Ordinary 
sitosterol  was  also  present. 

Carbohydrates. — Although  starch  is  usually  considered  as  prac¬ 
tically  the  only  carbohydrate  of  the  so-called  nitrogen-free  extract,  the 
soluble  carbohydrates,  present  in  small  amount,  play  an  important  role 
in  aging  and  bread-making.  Usually  the  soluble  carbohydrates  are 
classified  as  sucrose,  invert  sugar,  and  dextrin,  although  other  carbo¬ 
hydrates  may  be  included  under  each.  They  occur  chiefly  in  the  embryo, 
and  it  is  doubtless  these  that  decompose  first  during  respiration  and 
spoilage. 

Sucrose  was  separated  from  the  embry^o  as  such  by  Schulze  and 
Frankfurt,^  thus  refuting  the  claim  of  several  investigators  that  it  is  not 
present. 

Raffinose  was  shown  to  be  present  in  the  embryo  by  Richardson  and 
Crampton,^  increasing  on  sprouting.  Frankfurt^  reports  6.89  per  cent 
of  raffinose  and  24.34  per  cent  of  soluble  carbohydrates  in  wheat  embryo. 

O’Sullivan describes  two  dextrin-like  substances,  a-  and  ^-amylan, 
but  their  amount  is  small  and  their  identity  is  somewhat  uncertain. 

Unripe  wheat  may  contain  secalose,  or  ^-levulin,  first  obtained  by  i 
Schulze  and  Frankfurt  from  unripe  rye  and  oats.  j 

The  cell  walls  of  the  embryo  and  inner  endosperm  are  pure  cellulose  1 

or  at  least  are  non-lignified.  Lignin  occurs  in  all  the  pericarp  layers.  j 

Wheat  bran  is  characterized  by  its  pentosans  which,  according  to 
Teller,^  constitute  23.73  per  cent  of  the  air-dry  material.  The  pentosans 
appear  to  consist  of  a  mixture  of  an  araban,  the  metaraban  of  Steiger 


1  Ber.  1894,  27,  62. 

2  Ibid.  1886,  19,  1180. 

*  Landw.  Vers.-Stat.  1896,  47,  449. 

*  Chem.  News  1880,  44,  258. 

®  Log.  cit. 
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and  Schulze,'  and  xylan.  As  in  the  case  cf  the  proteins  it 

that  the  pericarp  and  aleurone  layers  have  not  been  separated  by  P 

taking  dissection  and  separately  treated,  the  changes  in  the  cell  walls 

being  noted  under  the  microscope.  .  •  j 

Stone  2  obtained  the  following  amounts  of  carbohydrates  m  air-dry 

Winter  and  Spring  wheat,  respectively:  sucrose  0.48  and  0.66  per  cent, 
invert  sugar  0.08  per  cent  and  none,  ‘‘  dextrin,”  0.25  and  0.38  per  cent, 
pentosans  4.54  and  3.94  per  cent,  fiber  2.68  and  2.26  per  cent.  His 
results  for  starch  are  obviously  miscalculated  or  misprinted. 

.Krug  3  has  determined  the  invert  sugar,  sucrose,  and  dextrin  in  wheat 
and  wheat  products  with  the  following  results,  which  are  in  substantial 
agreement  with  Stone’s  figures: 


Soluble  CAEBonYDUATES  in  W heat  and  Its  Products  (Krug) 


Invert  sugar 

Sucrose 

Dextrin 

Wheat  . 

% 

0.027 

% 

0.330 

% 

0.160 

Graham  flour . 

0.038 

0.382 

0.210 

Self-raising  wheat  flours . 

0.000  . 

0.056 

0.080 

Miscellaneous  wheat  flours . 

0.003 

0.098 

0.130 

Common  market  wheat  flours . 

0.021 

0.288 

0.210 

Bakers’  and  family  flours . 

Patent  wheat  flours . 

0.027 

0.002 

0.190 

0.085 

0.220 

0.200 

Phosphorus-Organic  Compounds. — An  analytical  study  of  the  prod¬ 
ucts  of  two  Italian  mills  with  special  reference  to  the  phosphorus  com¬ 
pounds  was  made  by  Masoni.^  Since  the  milling  processes  employed 
are  somewhat  different  from  those  of  American  mills,  the  designations 
in  the  following  table  are  in  some  cases  the  nearest  equivalents  based  on 
the  analyses. 

The  author  calls  attention  to  the  increase  in  organic  phosphorus, 
both  total  and  in  the  different  forms,  from  the  highest  grade  of  flour  to 
the  bran,  paralleling  the  increase  in  ash  and  fat.  He  further  notes  that 
phytin  and  nuclein  are  not  materially  altered  in  bread-making  but  leci¬ 
thin  is  destroyed  to  a  considerable  extent.  In  judging  the  nutritive 
value  of  flour  and  bread  he  believes  that  the  phosphorus  content  should 
be  given  due  consideration. 

\Ber.  1890,  23,  3110. 

bU.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1896,  Bui.  34. 

®  U.  S.  Dept.  Agr.,  Div.  Chem.  1898,  Bui.  13,  1207. 

*  Staz.  sper.  agr.  ital.  1915,  48,  385. 
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Phosphorus  Distribution  in  Wheat  Products  (Masoni) 


Mill¬ 

ing 

yield 

Water 

Fat 

Aah 

Leci¬ 

thin 

P.O5 

Phytin 

P2O5 

Nu¬ 

clein 

P2O5 

Total 

P2O5 

Stone  Process: 

% 

% 

% 

% 

% 

% 

% 

% 

Cleaned  grain . .  . 
Flour,  1st  grade. 

19 

14.20 

13.90 

1.46 

0.50 

1.69 

0.42 

0.030 

0.020 

0.588 

0.102 

0.145 

0.090 

0.975 

0.240 

Flour,  2nd  grade. 

25 

14.10 

0.74 

0.56 

0.018 

0.180 

0.110 

0.358 

Flour,  3rd  grade . 

16 

14.25 

0.90 

0.78 

0.028 

0.280 

0.120 

0  480 

Flour,  low  grade. 

17 

13.85 

1.49 

1.00 

0.029 

0.310 

0.186 

0.589 

Shorts . : . 

8 

14.60 

2.09 

2.48 

0.040 

0.810 

0.150 

1.428 

Bran . 

17 

14.55 

3.35 

5.68 

0.041 

1.997 

0.200 

3.122 

Roller  Process: 
Cleaned  grain . .  . 
Flour . 

70 

15.05 

15.66 

1.66 

0.68 

1 .76 
0.48 

0.032 

0.026 

0.609 

0.110 

0.130 

0.100 

0.860 

0.264 

Hour,  low  grade . 

5 

14.20 

1.40 

1.32 

0.026 

0.231 

0.150 

0.480 

Shorts,  light .... 

3 

14.08 

3.30 

3.64 

0.033 

0.974 

0.204 

1.971 

Shorts,  dark .... 

4 

14.94 

3.68 

4.30 

0.040 

1.254 

0 . 206 

2.304 

Bran . 

18 

14.50 

3.50 

5.90 

0.038 

2.457 

0.283 

2.994 

Lecithin. — In  water-free  wheat  Schulze  ^  reported  0.65  per  cent  of 
lecithin.  Alore  recent  investigators  have  determined  lecithin  in  wheat 
products — flour,  germ,  and  bran.  Only  a  part  of  the  lecithin  is  extracted 
or  expressed  with  the  oil. 

Frankfurt  2  found  in  wheat  germ  1.55  per  cent  of  lecithin;  Alpers^ 
found  2.49  per  cent. 

In  wheat  flour  of  different  grades,  Juckenack  and  Pasternack^ 
adopted  an  average  of  0.0225  per  cent  of  lecithin  phosphoric  acid  as 
representative  of  water-free  wheat  flour,  although  as  high  as  0.0435  per 
cent  was  noted.  Using  the  conversion  factor  11.4,  these  figures  are 
equivalent  to  0.257  and  0.496  per  cent  of  lecithin.  Masoni,^  as  noted 
above,  found  in  flour  of  ordinary  grades  from  0.018  to  0.028  per  cent  of 
lecithin  phosphoric  acid,  equivalent  to  0.205  to  0.319  per  cent  of  lecithin, 
and  in  wheat  bran  0.038  and  0.041  per  cent  of  lecithin  phosphoric  acid, 
equivalent  to  0.433  and  0.467  per  cent  of  lecithin. 

Phytin. — The  discoverer  of  phytin  was  Posternak,  but  it  was  Winter- 

^  Landw.  Jahrb.  Schweiz  1892,  6,  72. 

*  Landw.  Vers.-Stat.  1896,  47,  449. 

3Chem.  Z.  1918,  42,  37. 

*  7j.  rnters.  Nahrs.-Genussm.  1900,  3,  13;  1904,  8,  94. 

\ 

®  Loc.  cit. 
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stein  who  first  showed  that  it  was  an  inosite-phosphoric  acid.  Patten 
and  Hart  i  found  that  86.5  per  cent  of  the  water-soluble  phosphorus  of 
wheat  bran  exists  as  a  magnesium-calcium-potassium  salt  of  a  phospho- 
organic  acid  that  may  be  split  up  into  inosite  and  phosphoric  acid. 

Anderson  in  his  earlier  studies  of  phytin  ^  isolated  inosite  mono-, 
di-,  and  tri-phosphoric  acid  but  no  true  phytin  (inosite  hexaphosphoric 
acid).  In  later  experiments  ^  he  found  that  the  enzyme  phytase,  dis¬ 
covered  by  Suzuki,  Yoshimura,  and  Takaishi,^  was  responsible  for  his 
early  failure  to  find  phytin,  since  that  enzyme  hydrolyzes  the  phytin 
in  the  dilute  acid  solution  used  in  the  process,  forming  inorganic  phos¬ 
phoric  acid  and  a  series  of  intermediate  compounds.  Using  a  higher 
strength  of  acid,  that  inhibited  the  enzyme  action,  he  separated  phytic 
acid  and  prepared  several  metallic  salts.  He  concluded  that  phytic 
acid  is  inositol  hexaphosphoric  acid,  C6H18O24P6  or  CoHeCO  •H2P03)6- 

Boutwell  ^  believes  that  the  modified  Patten  and  Hart  process,^ 
followed  by  Anderson,  was  the  cause  of  his  difficulties.  Employing  the 
Clark  process,"  he  prepared  from  wheat  embryo  phytin  in  the  form  of  a 
crystalline  calcium-magnesium  salt — a  new  compound  not  agreeing  in 
composition  with  any  simple  calcium-magnesium  salt  of  inosite  hexa¬ 
phosphoric  acid — free  from  inorganic  phosphates.  He  concludes  that 
the  phytin  present  in  the  wheat  kernel  exists  as  salts  of  inosite  phos¬ 
phoric  acid,  and  that  the  free  phytic  acid  is  an  ester  of  inosite  phos¬ 
phoric  acid. 

Averill  and  King,*  employing  the  Heubner  and  Stadler  method,^ 
obtained  in  wheat  products  the  following  percentages  of  phytin  calcu¬ 
lated  as  C6H18O24P6I  wheat,  3  varieties,  1.16  to  1.36  per  cent;  wheat 
bran,  4.53  per  cent;  wheat  flour,  8  brands,  0.68  to  1.28  per  cent. 

Rather^®  in  his  earlier  work,  found  that  bran  as  well  as  cottonseed 
meal  yielded  an  inosite  phosphoric  acid  richer  in  carbon  but  poorer  in 
phosphorus  than  first  proposed  by  Posternak,  agreeing  closely  with  the 
formula  C12H41O42P9.  His  later  work,ii  wherein  he  prepared  crystalline 
strychnine  and  silver  salts,  showed  substantial  agreement  with  that  of 

1  New  York  State  Agr.  Exp.  Sta.  1904,  Bui.  250,  169. 

2  J.  Biol.  Chem.  1914,  18,  425,  441;  1915,  20,  463. 

3  Ibid.  1915,  20,  475,  483,  494;  1920,  44,  429. 

^  Bui.  Col.  Agr.  Tokyo  1907,  7,  503. 

®  J.  Am.  Chem.  Soc.  1917,  39,  491. 

®  Am.  Chem.  J.  1901,  31,  564. 

2  J.  Chem.  Soc.  1914,  106,  535. 

*  J.  Am.  Chem.  Soc.  1926,  48,  724. 

®  Biochem.  Z.  1914,  64,  422. 
lo  J.  Am.  Chem.  Soc.  1913,  35,  890. 

Ibid.  1918,  40,  523. 
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inosite  pcntaphosphoric  acid,  CgHg(0H)(0-H2P03)5  or  CGH17O21P5. 
Ihis  latter  formula  was  adopted  because  it  represented  a  theoretically 
possible  compound.  In  the  acid-soluble  part  of  wheat  shorts  and  bran 
Rather  found  that  respectively  84  and  89  per  cent  of  the  phosphorus 
existed  as  inosite  phosphoric  acid  and  8  and  3  per  cent  as  inorganic  phos¬ 
phorus. 

Nuclew  Acid  (Nuclein). — The  embryo  of  wheat  contains  tritico- 
nucleic  acid,  similar  if  not  identical  to  yeast  nucleic  acid,  which  was  dis¬ 
covered  by  Osborne  and  Campbell  ^  and  further  studied  by  Osborne  and 
Harris,“  Osborne,^  and  Osborne  and  Heyl.^  Fresh  commercial  germ 
meal  contains  about  3.5  per  cent  of  this  nucleic  acid,  but  the  amount 
diminishes  on  aging.  Elemental  analysis  indicates  that  the  formula  is 
C41HG1N 1GP4O31.  It  forms  acid  salts  with  alkali  elements.  On  hydroly¬ 
sis  with  acids  it  yields  1  molecule  of  guanine,  1  of  adenine,  2  of  uracil, 
and  3  of  pentose  for  every  4  atoms  of  phosphorus;  also  cytosine  as  was 
found  in  the  mother  liquor  by  Wheeler  and  Johnson.^ 

Acidity. — The  determination  of  acidity  of  the  water  extract  of  flour 
as  a  means  of  judging  its  grade  was  first  proposed  by  Snyder.^  The 
results  roughly  parallel  those  of  ash  but  differ  materially  according  to 
the  temperature  and  time  of  digestion.  Usually  the  acidity  is  calculated 
as  lactic  acid,  although  it  is  doubtful  if  any  appreciable  amount  of  this 
acid  is  actually  present. 

Results  obtained  by  Swanson^  show  the  unmistakable  relation  of 
acidity  to  soluble  and  total  phosphoric  acid  and  to  amino  acids.  He 
found  that  raising  the  temperature  from  25°  to  40°  and  the  time  of 
digestion  from  30  minutes  to  2  hours  greatly  increased  the  percentage 
of  both  acidity  and  soluble  phosphoric  acid. 

Collatz®  states  that  the  Greek  official  method  prescribes  that  85 
per  cent  alcohol  be  used  for  extracting  the  acid.  Markley  and  Bailey  ^ 
found  that  with  fresh  flour  the  American  method,  employing  a  water 
extract,  gave  results  more  nearly  correlated  with  the  ash  content  than 
the  Greek  method. 

Hydrogen  Ion  Concentration.— The  range  in  hydrogen  ion  concen¬ 
tration  of  water  extracts  of  wheat  products  is  not  sufficiently  pronounced 

1  J.  Am.  Chem.  Soc.  1900,  22,  379. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1901,  p.  305;  Z.  physiol.  Chem.  1902,  36,  85. 

2  Am.  J.  Phy.siol.  1903,  9,  09. 

^  Ibid.  1908,  21,  157. 

6  Am.  Chem.  J.  1903,  29,  505. 

®  Minnesota  Agr.  Exp.  Sta.  1903,  Bui.  86. 

2  J.  Ind.  Eng.  Chem.  1912,  4,  274. 

8  Cereal  Chem.  1929,  6,  515. 

9  Ibid.  1931,  8,  29. 
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Relation  of  Acidity  to  Ash,  Phosi'HORDS,  and  Amino  Compounds  (Swanson) 


Patent  flour 
(70  per  cent) 

Clear  flour 
(27  to 

27.5  per  cent) 

Low-grade 
flour  (2.3  to 

3  per  cent) 

Wheat 

% 

% 

% 

% 

Ash . 

0.52 

0.83 

1.08 

1.93 

Acidity: 

0.215 

0.156 

Water-soluble  at  25°. .  .  . 

0.074 

0.170 

Water-soluble  at  40°. . .  . 

0.130 

0.245 

0.339 

0.478 

Phosphorus: 

0.097 

0.066 

Water-soluble  at  25°. .  .  . 

0.021 

0.071 

Water-soluble  at  40°. .  .  . 

0.028 

0.098 

0.152 

0.218 

Total . 

Amino  compounds: 

0.110 

0.187 

0.269 

0.482 

Calculated  as  proteins. .  . 

0.162 

0.270 

0.396 

0.530 

to  furnish  sharp  distinctions  between  the  higher  and  lower  grades. 
Bailey  and  Peterson/  however,  have  demonstrated  that  by  the  deter¬ 
mination  of  the  pH  of  1  ;  5  extracts,  prepared  by  digestion  at  25°  C. 
for  1  hour,  before  and  after  adding  20  cc.  of  0.02  normal  sodium  hydroxide 
per  100  cc.,  differences  are  obtained,  representing  the  buffer  action, 
which  closely  parallel  the  percentages  of  ash. 

In  order  to  show  the  relation  of  these  differences  to  ash  and  electrical 
conductivity,  the  following  table  has  been  compiled  from  results  obtained 
by  Bailey  and  Peterson,  ^  who  studied  the  hydrogen  ion  concentration 
in  its  different  aspects,  and  Bailey  and  Collatz,^  who  first  proposed 
utilizing  the  electrical  resistance  as  a  means  of  distinction.  The  products 
were  the  same  in  both  cases.  The  extracts  used  for  the  determinations 
of  hydrogen  ion  concentration  and  electrical  conductivity  were  respec¬ 
tively  in  the  proportion  of  1  :  5  and  1  i  lOj  the  time  of  digestion  respec¬ 
tively  1  hour  and  30  minutes,  the  temperature  of  digestion  being  25°  C. 
in  both  cases. 

After  three  years’  experience  in  the  determination  of  hydrogen  ion 
concentration  of  wheat.  Weaver  ^  gives  6.21  to  6.84  as  the  range  for  all 

samples  examined  and  6.43  to  6.77  for  wheat  actually  received  at  the 
mill  he  represented. 

1  J.  Ind.  Eng.  Chem.  1921,  13,  916. 

^  Loc.  cit. 

3  Ibid.  1921,  13,  319. 

^  Cereal  Chem.  1925,  2,  209. 
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Ash,  Hydrogen  Ion  Concentration,  Buffer  Action,  and  Electrical  Conduc¬ 
tivity  OF  Mill  Products  (Bailey,  et  al.) 


*  20  cc.  0.02  N  sodium  hydroxide. 

t  These  figures  are  by  Hailey  and  Collatz.  Hailey  and  Peterson  give 
'2.38,”  which  appear  to  be  misprints  since  the  2nd  break  appears  twice. 


Ash 

pH 

extract 

pH 

ext.-fNaOH* 

pH 

difference 

KaoXlO-* 

extract 

1st  middlings . 

% 

0.44 

0.07 

9.28 

3.21 

5.40 

2nd  middlings . 

0.45 

0.10 

8.72 

2.02 

5.55 

3rd  middlings . 

0.55 

0.22 

8.59 

2.37 

0.34 

2nd  break . 

0.58 

0.25 

8.52 

2.27 

0.05 

5th  middlings . 

0.01 

0.31 

8.38 

2.07 

0.78 

3rd  break . 

0.07 

0.22 

7.89 

1.07 

7.09 

4th  middlings . 

1.17 

0.42 

7.29 

0.87 

10.24 

1st  break . 

1.34 

0.34 

7.17 

0.83 

10.50 

4th  break  f . 

1.02  t 

0.44 

7.02 

0.58 

11.97 

‘2nd  break”  and  ash 


Bailey  and  Johnson^  report  that  bleaching  patent  and  clear  flour, 
containing  0.43  and  0.84  per  cent  of  ash  respectively,  with  20  cc.  of 
chlorine  per  100  grams,  produced  a  change  in  hydrogen  ion  concentration 
of  0.34  and  0.17  respectively.  The  smaller  change  for  the  clear  flour 
was  due  to  higher  buffer  action. 

Weaver  ^  found  that  bleaching  of  flour  by  the  Alsop  process  raised 
the  hydrogen  ion  concentration  slightly  (0.04  to  0.20),  by  the  chlorine 
process,  considerably  (0.06  to  0.57). 

In  the  experience  of  Dixon  ^  the  quality  of  commercial  flour  as  indi¬ 
cated  by  baking  tests  cannot  be  predicted  from  the  hydrogen  ion  con¬ 
centration  or  buffer  effect  value  of  the  wheat  or  of  the  laboratory-milled 
flours,  as  these  values  are  governed  by  the  special  treatment  in  milling. 

Johnson  and  Green'*  found  that  the  hydrogen  ion  concentration  of 
water  extracts  of  freshly  milled  flour  and  of  the  same  flour  after  storage 
and  extraction  with  ether  were  the  same,  thus  suggesting  that  acids 
soluble  in  ether  are  the  sole  cause  of  the  increase  of  acidity  and  hydrogen 
ion  concentration  during  storage. 

Electrical  Conductivity.— Bailey  and  Collatz^  have  demonstrated 


» .1.  Ass.  Off.  Agr.  Chem.  1922,  6,  03. 

2  Ix)c.  cit. 

3  N.  Zealand  J.  Sci.  Tech.  1930,  12,  140. 
*  Cereal  Chem.  1931,  8,  134. 

3  Loc.  cit. 
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that  wheat  milling  products  may  be  differentiated  by  determination  of 
the  electrical  conductivity  (K30  X  10-^)  of  a  1  :  10  water  extract  ob¬ 
tained  by  digestion  at  25°  C.  for  30  minutes.  They  point  out  that  time 
and  temperature  of  digestion  appreciably  influence  the  results,  parallel¬ 
ing  those  obtained  by  thein^  in  the  study  of  the  action  of  phytase.  This 
suggests  that  the  conductivity  is  due  largely  to  inorganic  salts  of  phos¬ 
phoric  acid  resulting  from  the  hydrolysis  of  phytin.  A  comparison 
of  their  results  with  those  for  ash  and  hydrogen  ion  concentration  is  tab¬ 
ulated  above. 

Bailey  and  Johnson^  found  that  patent  and  clear  flour,  bleached  with 
chlorine  to  the  extent  of  20  cc.  per  100  grams,  showed  an  increase  of  the 
electrical  conductivity  of  0.48  and  0.73  respectively. 

Enzymes. — Protease  occurs  in  wheat  as  well  as  in  other  cereals. 
Giesen^  found  in  the  kernel  0.65  and  in  the  bran  1.1  per  cent,  calculated 
in  terms  of  trypsin,  the  optimum  temperature  being  30  to  40°  C.  Cairus 
and  Bailey  ^  have  studied  the  methods  of  measuring  the  proteolysis  of 
flour  suspensions. 

Tyrosinase. — The  darkening  of  whole  wheat  flour  was  shown  by 
Mege-Mouries  and  Boutroux  to  be  due  to  an  oxidase.  Bertrand  and 
Muttermilch^  proved  that  the  enzyme  is  tyrosinase,  not  laccase.  A 
protease  (glutenase)  acts  in  a  preliminary  stage  forming  tyrosine. 

Amylase,  which  appears  in  wheat  as  in  all  cereals  during  sprouting, 
also  was  found  by  Eisenberg  ®  in  small  amount  during  the  resting  stage. 
Naylor,  Spencer,  and  House  ^  state  that  the  amylase  of  wheat  malt 
agrees  in  composition  and  activity  with  that  of  barley  malt  as  found  by 
Osborne  and  by  Sherman.  Karmarkar  and  Patwardhan  ®  state  that 
it  is  even  more  active  than  barley  amylase.  Its  optimum  temperature  is 
between  49  and  58°;  its  optimum  pH  is  4.6.  Heating  at  160°  for  one 
hour  destroys  its  activity. 

Maltase,  according  to  Wierzchowski,^  is  present  in  small  amount. 

Oxalase,  an  enzyme  oxidizing  oxalic  acid  with  formation  of  carbon 
dioxide,  has  been  found  by  Zalesskii  and  Kukharkova  in  wheat. 

1  J.  Ind.  Eng.  Chem.  1921,  13,  317. 

*  Loc.  cit. 

®  Inaug.  Dis.  Bern.  1909. 

« Cereal  Chem.  1928,  6,  79. 

^  Compt.  rend.  1907,  144,  1285,  1444. 

®  Flora  1907,  97,  347. 

’  J.  Am.  Chem.  Soc.  1925,  47,  3037. 

®  J.  Indian  Inst.  Sci.  1930,  13A,  159. 

®  Biochem.  Z.  1913,  67,  125. 

10  Ukrainskii  Khem.  Zhurn.  1928,  3,  Pt.  sci.  139. 
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Peroa-ic?ase— Coupini  obtained  a  blue  color  by  the  benzidine  test 
indicative  of  peroxidase. 

Influence  of  According  to  Bach,  Oparin,  and  Vener,2 

catalase  and  peroxidase  decrease  slightly  during  ripening  and  amylase 
and  protease  disappear.  All  these  increase  greatly  during  germination. 

Influence  of  Climate. — Lishkevich  and  Prizemina  ^  state  that  north¬ 
ern-grown  grain  not  only  differs  in  its  proximate  composition  from 
southern-grown  but  also  contains  more  protease,  amylase,  and  catalase 
owing  to  failure  to  reach  full  maturity. 

Influence  of  Storage. — Wheat  that  has  lost  its  vitality  is  stated  by 
Oparin  and  Pospelowa  to  still  contain  amylase,  catalase,  and  perox¬ 
idase. 

Mineral  Constituents. — Snyder  ^  determined  the  ash  constituents 
of  12  sarnples  of  wheat,  grown  in  different  parts  of  Minnesota,  from 
the  same  seed,  showing  variation  in  weight  from  65  to  55  lb.  per  bushel. 
The  composition  of  the  heaviest  and  the  lightest,  also,  calculated  to 
the  pure  ash,  the  average  of  Snyder’s  12  analyses  and  of  48  analyses 
reported  by  Lawes  and  Gilbert^  appear  in  the  following  table: 


Ash  Analyses  of  Heavy  Weight,  Light  Weight,  and  Average  Wheat 


.\ah 

K2O 

Na20 

CaO 

MkO 

Fe203 

P2O5 

SOj 

Si02 

Cl 

CO2 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Snyder: 

65  lb.  per  bu .  .  . 

2.00 

32.46 

0.67 

2 . 5.j 

12.39 

0.27 

.'jO.76 

0.36 

0.37 

0.11 

1.30 

55  lb.  per  bu .  .  . 

2.09 

28.77 

0.88 

4.52 

14.48 

0.86 

43.07 

0.12 

1.92 

0.42 

3.02 

Aver,  of  12  anal. 

2.03 

31.1 

0.7 

3.6 

13.6 

0.6 

49.4 

0.1 

0.8 

0.1 

L.  and  G.: 

.\ver.  of  48  anal. 

.... 

32.7 

0.6 

3.0 

10.7 

0.9 

49.6 

1.4 

1.0 

0.1 

In  the  studies  of  the  influence  of  fertilizers  on  composition  described 
above,  Headden  made  36  complete  ash  analyses  representing  the  wheat 
of  the  unfertilized  and  fertilized  plots  during  the  years  1913,  1914,  and 
1915.  The  following  table  below  gives  the  mineral  constituents  of  the 
wheat  from  the  unfertilized  plots  in  percentages  of  the  air-dry  kernels. 

Analyses  by  Sullivan  and  Near^  of  20  samples  of  wheat,  indicate 
(with  one  exception,  Kansas  A)  that  the  magnesium  content  bears  a 

1  Compt.  rend.  1925,  180,  685. 

2  Trans.  Karpov  Inst.  Chem.  1926,  No.  5,  62. 

^  Biochem.  Z.  1929,  212,  280. 

*  Ibid.  1927,  189,  18. 

^  Minnesota  Agr.  Exp.  Sta.  1893,  Bui.  29,  149. 

"Johnson:  How  Crops  Grow.  New  York,  1893,  p.  164. 

7  J.  Am.  Chem.  Soc.  1927,  49,  467. 
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Mineral  Constituents  of  Wheat  Grown  Three  Successive  Years  without 

Fertilizer  (Headden) 


K 

Na 

Ca 

Mg 

Fe 

Mn 

P 

S 

Cl 

Si02 

/o 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Defiance : 

0.030 

1913. . . 

Q.391 

0.037 

0.037 

0.141 

0.005 

+ 

0.416 

0.116 

0.060 

1914. . . 

0.437 

0.014 

0.041 

0.147 

0.003 

0.004 

0.426 

0.137 

0.121 

0.018 

1915. . . 

0.465 

0.022 

0.054 

0.162 

0.005 

0.004 

0.383 

0.100 

0.085 

0.019 

Red  Fife; 

1913. . . 

0.444 

0.010 

0.038 

0.150 

O.OOG 

+ 

0.461 

0.113 

0.135 

0.017 

1914. . . 

0.437 

0.016 

0.030 

0.15G 

0.005 

0.005 

0.412 

0.119 

0.114 

0.015 

1915. . . 

0.447 

0.034 

0.046 

0.141 

0.004 

0.004 

0.390 

0.087 

0.063 

0.014 

Kubanka : 

1913. . . 

0.454 

0.010 

0.031 

0.137 

0.005 

+ 

0.423 

0.093 

0.130 

0.030 

1914. . . 

0.442 

0.041 

0.033 

0.140 

0.004 

0.005 

0.385 

0.123 

0.142 

0.010 

1915. . . 

0.427 

0.029 

0.035 

0.135 

0.007 

0.004 

0.391 

0.106 

0.053 

0.022 

direct  ratio  to  strength  as  determined  by  protein  content  and  gluten 
quality,  as  shown  below: 


Composition  of  Wheat  Showing  Relation  of  Magnesia  to  Protein  and  Gluten 

(Sullivan  and  Near) 

(Results  calculated  to  dry  basis) 


IMarquis 

(Montana) 

Marquis 
(N.  Dakota) 

Protein  (N  X5.7) . 

% 

19.65 

% 

15.09 

Gluten . 

16.28 

14.97 

Gluten  quality . 

very  good 

good 

Ash . 

1.90 

2.01 

Composition  of  ash: 
K2O . 

33.35 

28.48 

CaO . 

3. 14 

2.83 

MgO . 

16.30 

15.69 

P2O5 . 

46.05 

50. 67 

Si02  and  C .  .  .  . 

1.06 

1.67 

Turkey  Red 
(S.  Dakota) 

Kansas  A 
(Kansas) 

Kansas  B 
(Kansas) 

Sonora 

(California) 

% 

% 

% 

% 

13.64 

16.02 

12.24 

10.43 

12.00 

13.41 

10.95 

9.10 

poor 

good 

poor 

very  poor 

2.08 

2.21 

2.15 

1.95 

28.75 

29 . 50 

28.80 

30.89 

3,38 

3.75 

3.00 

3.26 

14.25 

13.50 

14.78 

11.47 

50 . 74 

51.06 

50.53 

51.45 

1.10 

1.63 

2.10 

1.37 

Mineral  Constituents  of  Wheat  Products.-Analyses  of  the  ash  of 

r  ansas  Winter  wheat  and  of  the  various  products  and  by-products 

of  the  same  wheat  made  from  it  have  been  carried  out  by  Teller  >  a 
shown  in  the  table  below:  -Lenei,  as 


^  Arkansas  Agr.  Exp.  Sta.  1896,  Bui.  42,  70. 
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Ash  Analysis  of  Winter  Wheat  and  Its  Milling  Products  (Teller) 


.\sh 

K2O 

CaO 

MgO 

Fe203 

AI2O3 

ZnO 

P2O6 

SO3 

Si02 

Patent  flour.. .  . 
Straight  flour.  . 

Low-grade . 

Dust  room . 

Ship  stuff . 

Bran . 

Wheat . 

% 

0.31 

0.40 

0.70 

2..)0 

3.08 

5.25 

1.62 

% 

38.50 
36.31 
32.27 
30.85 
28.03 
28.19 
20 . 70 

% 

5.59 
5.65 
4.51 
3.53 
2.80 
2.50 
3. 10 

% 

4.39 

6.44 

9.33 

12.90 

13.27 

14.76 

13.23 

% 

0.47 

0.26 

0.25 

0.30 

0.37 

0.27 

0.27 

% 

0.41 
0. 15 
0.12 
0.04 
0.18 
0.07 
0.11 

% 

0.04 

0.46 

0.36 

0.27 

0.24 

% 

48.05 

49.32 

53.10 

49.94 

54.62 

52.81 

52.14 

% 

0.16 

0..52 

0.58 

0.10 

0.22 

% 

2.33 
1.28 
0..50 

1.34 
0.49 
0.97 
1.04 

Toller’s  analyses  furnished  data  for  calculation  of  the  percentages  of 
the  different  mineral  ingredients  in  the  products  themselves  given  in  the 
original  publication.  They  also  show  the  presence  of  zinc  in  the  wheat 
of  that  region,  a  metal  which  more  recently  has  come  to  be  regarded  as 
a  normal  constituent  of  wheat  of  many  other  regions.  Alumina  was 
unmistakably  present  in  the  wheat,  although  the  same  author  failed  to 
find  it  in  a  sample  of  Alichigan  wheat.  Its  introduction  into  the  flour 
from  burr  stones  was  precluded  by  the  roller  process  employed  in  milling. 
Teller  notes  the  absence  of  soda,  which  most  careful  analysts  find  in 
small  amount.  In  any  event,  the  percentage  of  soda  in  wheat  is  small. 
The  determination  of  this  element  requires  special  precautions  which, 
unobserved,  are  reflected  in  many  high  results  which  have  crept  into  the 
literature. 

Sullivan  and  Near  '  have  determined  the  ash  constituents  in  Mar¬ 
quis  wheat,  a  typical  dark,  northern,  hard.  Spring  variety,  grown  in 
North  Dakota,  and  the  mill  products  of  this  wheat.  Their  analyses 
included,  in  addition  to  the  usual  elements  determined,  manganese, 
copper,  zinc,  and  aluminum.  They  also  reported  figures  for  protein,  dry 
gluten,  ether  extract,  and  lipoid.  In  addition  they  note  the  presence  of 
minute  amounts  of  boron,  fluorine,  arsenic,  and  iodine  which,  together 
with  the  other  less  commonly  found  elements,  occur  in  the  smallest 
amount  in  the  highest  grades  of  flour.  Their  figures  are  given  in  the 
table  on  the  following  page. 

Mineral  Constituents  in  Mill  Streams. — The  streams  obtained  in  the 
milling  process  represent  a  greater  number  of  separations  than  the 
finished  products,  as  several  streams  may  bo  combined  in  making  each 
grade  of  flour  and  the  by-products  are  often  various  mixtures.  Rich¬ 
ardson, ^  in  connection  with  his  proximate  analyses  of  the  different 
streams  in  two  mills  in  the  early  days  of  roller  milling,  also  determined 
the  phosphoric  acid  but  no  other  ash  constituents. 

1  J.  Ind.  Eng.  Chem.  1927,  19,  498. 

2  U.  S.  Dept.  Agr.,  Div.  Chem.  1884,  Bill.  4,  38. 
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Composition  of  Hard  Spring  Wheat  and  Its  Milling  Products  (Sullivan  and 

Near) 


(Results  calculated  to  dry  basis) 


Patent 

flour 

Clear 

flour 

Low- 

grade 

flour 

Total 

mill-run 

mid¬ 

dlings 

Bran 

Germ* 

Wheat 

% 

% 

% 

% 

% 

% 

% 

Yield . 

58.00 

12.00 

2.60 

14.41 

12.99 

Protein . 

14.13 

17.76 

18.47 

18.55 

17.76 

29.20 

15.09 

14.49 

18.16 

14.97 

Ether  extract . 

1.41 

2.35 

3.75 

6.57 

6.40 

11.94 

2.53 

Lipoid . 

1.62 

2.64 

4.23 

6.14 

6.67 

11.25 

3.40 

Fiber  . 

7.00 

8.27 

2.90 

Ash . 

0.482 

0.804 

1.462 

4.762 

6.748 

5.041 

2.05 

Composition  of  ash: 

K2O . 

27.82 

25.22 

25.30 

28.50 

26.04 

26.49 

28.48 

CaO . 

5.22 

3.94 

3.60 

3.35 

2.40 

1.92 

2.83 

MgO . 

10.60 

12.87 

15.02 

15.83 

17.60 

12.50 

15.69 

FG2O3 . 

0.229 

0.200 

0.214 

0.243 

0.200 

0.192 

0.214 

AI2O3 . 

0.025 

0.047 

0.094 

0.032 

0.075 

0.094 

0.030 

Mn203 . 

0.045 

0.083 

0.115 

0.144 

0.191 

0.240 

0.144 

CuO . 

0.044 

0.029 

0.036 

0.033 

0.026 

0.024 

0.036 

ZnO . 

1.037 

0.747 

1.095 

0.834 

1.037 

1.037 

0.622 

P2O5 . 

55.20 

54.37 

54.95 

50.20 

51.57 

56.90 

50.67 

Si02  and  C . 

0.60 

1.16 

0.66 

1.17 

0.43 

0.80 

1.67 

*  Taken  from  spout  before  stream  reached  the  bran  and  middlings  with  which  it  is  mixed.  The 
amount  of  this  germ  was  less  than  1  per  cent. 


A  study  of  the  amount  of  iron,  calcium,  magnesium,  and  phosphorus 
in  Marquis  wheat  and  the  mill  streams  obtained  therefrom  has  been 
carried  out  by  Harding  and  Dysterheft.^  For  ready  comparison  with 
preceding  tables,  the  figures  for  iron,  calcium,  and  manganese,  given  in 

the  original  publication,  have  been  recalculated  and  incorporated  in  the 
table  on  the  following  page. 

In  their  summary,  Harding  and  Dysterheft  note  that  the  iron-ash 
ratio  and  iron-magnesium  ratio  are  remarkably  constant  in  all  the 
streams,  whereas  the  iron-calcium  ratio  shows  no  such  constancy  and  the 
calcium-magnesium  ratio  increases  in  the  break  streams  and  in  the 
middlings  streams  (excepting  the  third)  with  the  number  of  the  streams, 

^  Cereal  Chem.  1927,  4,  47. 
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Composition  of  Ash  of  Hard  Spring  Wheat  and  Mill  Streams  (Harding  and 

Dysterheft) 


(Results  calculated  to  dry  basis) 


Ilrcak  Streams 

Middlings 

Flour 

Hran 

Wheat 

1st 

2ncl 

3rd 

4th 

Ist 

2nd 

3rd 

4  th 

Straight 

Clear 

% 

% 

% 

% 

c/ 

/c 

% 

% 

% 

% 

% 

% 

% 

Protein  *.  . 

14.7a 

13.70 

16.9.5 

18.80 

11.73 

11.47 

11.71 

12.10 

12.. 54 

14.. 52 

15. 16 

14.17 

.Ash . 

0 .  t)8 

0 . 67 

0.84 

1.34 

0.42 

0.40 

0.42 

0.4.5 

0.51 

0.81 

4.87 

1.76 

In  ash: 

CaO.  . 

3.77 

2.53 

2.94 

2.60 

5 . 52 

3.. 53 

5 . 52 

3.09 

3.12 

4.25 

2.77 

2.52 

MrO.. 

13.23 

12.24 

13.56 

14.29 

8.80 

9. 16 

9 . 68 

10.21 

10.. 30 

12.. 55 

15.34 

14.. 52 

Fe2(  >3 . 

0. 17 

0.15 

0.  17 

0. 16 

0.  12 

0. 13 

0.  14 

0. 15 

0.14 

0.16 

0.16 

0.15 

P2<)5.  . 

.56 . 33 

.54 . 16 

.53.91 

.54. 91 

19 . 85 

.56 . 08 

60.00 

58.78 

.59.03 

.55.69 

.53.36 

49.92 

*  N  X  O.70. 


following:  the  general  rule  tvhich  Bailey  has  established  in  proceeding 
from  the  lower  to  the  higher  grades  of  flour. 

Relation  of  Mineral  Constituents  to  Milling  Grade. — All  the  three 
foregoing  tables  illustrate  clearly  that  in  passing  from  the  highest  milled 
product  (patent  flour)  to  the  lowest  (bran)  the  percentage  of  magnesium 
in- the  ash  and  the  ratio  of  magnesium  to  ash  increase  whereas  the  per¬ 
centage  of  lime  decreases.  Further  calculation  to  percentages  of  the 
materials  themselves  would  show  an  increase  of  all  the  ash  constituents, 
including  lime  and  the  rarer  elements,  as  is  true  of  the  protein,  fat,  lipoid, 
and  total  ash. 


Minor  Mineral  Constituents.  Iron. — Wheat  45  to  52,  wheat  flour  13  to  17  mg. 
per  kilo,  air-dry  basis  (Sherman).^  Wheat,  10  varieties,  31  to  51,  aver.  39  mg.  per 
kilo,  dry  basis  (McHargue).^  Wheat  flour  24,  wheat  bran  210,  wheat  germ  210  mg. 
per  kilo,  dry  basis  (McHargue).^  (See  also  ash  analyses  above.) 

A /umfnMm.— According  to  Teller,  as  stated  above,  it  may  or  may  not  be  present 


in  wheat.  (See  also  ash  analyses  above.) 

Manganese.— Vi\\esii  28  mg.  per  kilo,  dry  basis  ( Wester). “  Wheat,  10  varieties, 
36  to  73,  aver.  47  mg.  per  kilo,  dry  basis  (McHargue).^  Wheat  flour  10,  wheat 
bran  125,  wheat  germ  150  mg.  per  kilo,  dry  basis  (McHargue).®  Wheat  11-5  iind 
13.8  mg.  per  kilo,  air-<lry  basis  (Quartaroli).*^  Wheat,  5  varieties  each:  hard  \^  inter 
34  to  68,  soft  Winter  86  to  86,  hard  red  Spring  34  to  60,  white  Spring  68  to  86  mg. 
per  kilo,'dry  basis  (Davidson).*  (See  also  ash  analyses  above.) 


1  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 
M.  Agr.  Res.  1923,  23,  395. 

3  Ibid.  1925,  30,  193. 

^  Biochem.  Z.  1921,  118,  158. 

*  Ann.  chim.  appl.  1928,  18,  47. 

6  Cereal  Chem.  1929,  6,  128. 
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Copper— Wheat  4.5  mg.  per  kilo,  dry  basis  (Maquenne  and  DemoussyV  Wheat 
7.2  mg.  per  kilo,  air-dry  basis  (Guerithault).*  Wheat  flour  trace,  wheat  bran  16, 
wheat  germ  46  mg.  per  kilo,  dry  basis  (McHargue).^  Wheat  3.57  and  5.7  mg.  per 

kilo,  dry  basis  (Quartaroli).^  (See  also  ash  analyses  above.) 

Wheat  flour  22,  wheat  bran  75,  wheat  germ  160  mg.  per  kilo,  dry  basis 

(McHargue).®  Wheat,  4  varieties,  26  to  85,  wheat  bran  139  mg.  per  kilo,  air^ry 
basis  (Birckner).^  Whole  wheat  18.7,  wheat  bran  38  mg.  per  kilo,  dry  basis  (Ber¬ 
trand  and  Benzon).^  (See  also  ash  analyses  above.) 

Arsenic. — Present  (Sullivan  and  Near).* 

Iodine.— WYiedit  flour  and  wheat  gluten  less  than  1.5,  wheat  germ  less  than  2.5 
mg.  per  kilo  (Bohn).®  None  (Winterstein).i® 

Boron  and  Fluorine. — Present  (Sullivan  and  Near).* 


Baking  Strength  of  Flour— This  topic,  of  first  importance  in  bread¬ 
making,  has  been  the  subject  of  much  discussion  and  many  investiga¬ 
tions.  That  differences  in  baking  qualities  are  not  due  to  differences 
in  constitution  of  either  the  gliadin  or  the  glutenin  is  indicated  by  the 
work  of  Wood,ii  Blish,!^  and  Cross  and  Swain,i^  hsive  obtained 
the  hydrolyzation  products  of  these  proteins,  and  of  Blish  and  Pinckney,^ ^ 
who  have  studied  their  racemization  in  alkaline  solution  and  their  spe¬ 
cific  rotation.  The  latter  authors  failed  to  confirm  the  results  of 
Woodman,^^  who  concluded  that  glutenins  from  different  flours  are  not 
the  same  in  the  linkage  of  the  amino  acids.  Blish,  in  a  later  paper,^^ 
refutes  Halton’s  conclusions^  that  each  flour  contains  two  glutenin 
“  fractions  ”  of  different  chemical  configuration. 

Gortner  and  Doherty, s*  Sharp  and  Gortner,^^  and  Upson  and  Calvin, 
as  well  as  certain  German  investigators,  believe  that  the  colloidal  condi- 

^  Compt.  rend.  1920,  170,  87. 

2  Ibid.  1920,  171,  196. 

*  Loc.  cit. 

^  Loc.  cit. 

*  J.  Am.  Soc.  Agron.  1925,  17,  368. 

« J.  Biol.  Chem.  1919,  38,  191. 

^  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

*  Loc.  cit. 

®  J.  Biol.  Chem.  1917,  28,  375. 

Z.  physiol.  Chem.  1918,  104,  54. 

"  J.  Agr.  Sci.  1907,  2,  139. 

J.  Ind.  Eng.  Chem.  1916,  8,  138. 

Ibid.  1924,  16,  49. 

Cereal  Chem.  1924,  1,  309. 

J.  Agr.  Sci.  1922,  12,  231. 

**  Cereal  Chem.  1925,  2,  127. 

J.  Agr.  Sci.  1924,  14,  587. 

Agr.  Res.  1918,  13,  389. 

1®  Minnesota  Agr.  Exp.  Sta.  1923,  Tech.  Bui.  19. 

Nebraska  Agr.  Exp.  Sta.  1916,  Res.  Bui.  8. 
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tion  of  tho  gluten  and  its  hydration  properties  are  the  dominating  char- 
acters  influencing  strength. 

Coleman,  Dixon,  and  Fellows,^  after  a  comparison  of  tests  for  quality 
of  gluten  in  wheat  or  flour,  decided  that  the  determination  of  crude  pro¬ 
tein  ranks  first  and  of  washed-gluten  ranks  second  in  value,  the  latter 
yielding  remarkably  good  results  in  the  hands  of  a  single  operator.  Of 
the  recently  devised  viscosity  methods,  the  “  single  concentration  test  ” 
was  the  only  one  that  gave  any  satisfaction,  being  decidedly  better  than 
tests  of  kernel  texture  or  water-absorbing  power. 

Further  details  on  this  and  other  matters  pertaining  to  the  bread¬ 
making  qualities  of  flour,  which  are  beyond  the  province  of  this  work, 
are  given  in  C.  H.  Bailey’s  “  Chemistry  of  Wheat  ”  ^  and  the  papers 
named  above. 

CHEMICAL  COMPOSITION  OF  BREAD  AND  ALLIED  PROD¬ 
UCTS.  Wheat  Bread. — The  variations  in  the  composition  of  flour, 
due  to  kind  of  wheat  and  milling  grade,  are  further  accentuated  when 
the  flour  is  made  into  bread  or  crackers,  owing  to  the  wider  difference  in 
the  water  content  and  the  addition  of  varying  amounts  of  shortening, 
milk,  sugar,  and  salt.  Bread  made  with  little  or  none  of  these  four 
constituents,  so  far  as  the  usual  analysis  is  concerned,  differs  little  from 
the  flour  except  as  regards  the  water  content,  the  amount  of  yeast 
being  inconsiderable.  Shortening  increases  only  the  fat.  Whole  milk 
increases  to  some  extent  both  fat  and  protein. 

Tables  of  analyses  show  such  variations  as  to  leave  one  in  doubt  as 
to  which  conforms  most  nearly  to  a  given  product.  Indeed,  except  for 
showing  within  certain  limits  the  water  content,  they  furnish  little 
information  beyond  what  may  be  reached  by  calculation,  if  one  knows 
the  kind  and  amount  of  the  constituents. 

Only  a  very  general  idea  may  be  gained  from  the  following  table, 
which  groups  under  three  heads  the  common  forms  of  bread  and  rolls, 
the  latter  including  various  kinds  of  moist  biscuit  raised  with  yeast  or 
baking  powder. 

The  most  striking  difference  brought  out  in  the  table  is  the  lower - 
water  content  of  the  rolls  due  to  their  smaller  size  and  relatively  greater 
amount  of  crust.  Graham  or  true  whole  wheat  bread  contains  less 
rather  than  more  protein  than  white  bread.  Its  somewhat  greater  fiber 
content  is  not  so  marked  as  one  might  believe  from  its  coarser  nature. 

Crackers  (known  in  England  as  biscuit)  are  characterized  in  general 
by  their  low  water  and  high  fat  content.  In  their  simplest  form,  where 
the  amount  of  added  fat  and  salt  is  small,  their  composition  is  essen- 

1  J.  Agr.  Res.  1927,  34,  241. 

2  New  York,  1925. 
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Composition  of  White  and  Graham  Bread  and  Rolls  (Atwater  and  Bryant) 


1 

Samples 

Water 

Protein 

(NX6.25) 

Fat 

N-f. 

ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

White  bread:  * 

]\/Jip  . 

103 

25.8 

7.0 

0.0 

42.0 

0.3 

0.6 

IVTnv  . 

49.1 

13.9 

3.7 

61.5 

0.9 

3.0 

. 

35  6 

9.3 

1.2 

62.7 

0.6t 

1.2 

Rolls: 

]yjip  . 

20 

18.4 

6.3 

0.4 

49.0 

0.3 

0.1 

i\/rf)Y  . 

. 

36.7 

11.9 

13.7 

64.7 

2.1 

1.6 

A  yPr . 

29.2 

8.9 

4.1 

66.7 

0.6t 

1.1 

Graham  bread: 

IVT  i  n  . 

27f 

27.8 

6.8 

0.4 

38.6 

0.6 

0.7 

IVTuv.  . 

42.4 

10.9 

3.8 

59.1 

1.8 

3.0 

Aver . 

35.7 

8.9 

1.8 

62.1 

l.lt 

1.6 

*  Four  samples  with  average  of  sugar  2.3,  dextrin  4.2,  and  starch  48.2  per  cent, 
t  Fiber  determinations  only  in  part  of  the  samples. 

t  Two  samples  with  average  of  sugar  3.2,  dextrin  3.1,  and  starch  40.8  per  cent. 


tially  that  of  flour  with  a  trifle  higher  fat  and  ash  content.  The  varia¬ 
tion  even  in  crackers  of  the  same  name  is  far  greater  than  differences  in 
the  flour  from  which  they  are  made. 

An  extensive  investigation  has  been  made  by  Johnson  and  C.,H. 
Bailey  ^  of  the  flour  used  in  the  cracker  industry,  also  of  the  fermenta¬ 
tion  of  the  dough  and  the  reaction  of  the  finished  product  as  measured 
by  the  hydrogen  ion  concentration. 

The  flour  was  for  the  most  part  from  soft  wheat  and  had  an  average 
ash  content  of  0.49  per  cent  and  an  average  protein  content  of  9.28  per 
cent.  Of  the  121  samples  examined,  85  contained  between  8  and  10 
per  cent  of  protein,  10  between  7  and  8  per  cent,  and  1  less  than  7  (6.33) 
per  cent.  Only  25  contained  over  10  per  cent  of  protein.  The  acidity 
of  the  dough  developed  during  fermentation  was  at  its  maximum  when 
the  pH  reached  4.0  ±  0.2.  It  was  found  desirable  to  add  to  this  acid 
dough  sufficient  sodium  bicarbonate  to  more  than  neutral  reaction,  a 
hydrogen  ion  concentration  corresponding  to  pR  7.00  to  7.10  being  the 
optimum. 

On  baking,  the  alkalinity  increased,  owing  to  conversion  of  the 
bicarbonate  to  the  carbonate.  An  excess  of  free  alkali  promoted  cara- 
mehzation.  Reducing  sugar  increased  during  the  first  6  hours  of  fer- 

^  Cereal  Chem.  1924,  1,  327. 
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mentation,  then  decreased  as  the  fermentation  enzymes  began  to 
function  more  rapidly. 

In  60  samples  of  crackers  made  by  different  American  manufac¬ 
turers  the  reaction  varied  greatly,  the  most  alkaline  having  an  alkalinity 
represented  by  pH  8.81;  the  most  acid,  an  acidity  represented  by  pH 
5.71,  the  average  of  all  the  samples  being  pH  7.84. 

After  storage  for  7  weeks  an  increase  in  acidity  amounting  to  a 
decrease  pH  of  0.3  db  was  noted  which  did  not  appear  to  be  correlated 
with  rancidity. 

The  kind  of  shortening  in  the  crackers  examined  was  usually  lard, 
but  in  a  few  cases  was  oleo  oil,  corn  oil,  or  hydrogenated  cottonseed  oil; 
the  amount  of  shortening  varied  up  to  24  lb.  per  barrel  of  flour,  equiva¬ 
lent  to  about  11  per  cent. 

Onlj"  a  few  types,  all,  with  the  exception  of  Graham  crackers, 
unsweetened,  are  included  in  the  following  table: 


Composition  ok  Crackers  (Biscuit) 
(.\twater  and  Bryant) 


Protein 

Samples 

Water 

(NX 

6.25) 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Soeja  crackers: 

\I  in 

5 

3.7 

8.8 

7.7 

70.5 

1.8 

XThy 

8.4 

10.7 

10.0 

75.4 

2.6 

A  vpr . 

6.9 

9.8 

9.1 

73.1 

0  3* 

2.1 

Oyster  crackers: 

! 

3.8 

9.1 

4.8 

69.1 

0.9 

6.5 

17.3 

13.0 

77.5 

5.9 

\ypr  . 

4.8 

11.3 

10.6 

70.6 

0.2* 

2.9 

Pilot  bread: 

. 

3 

7.9 

10.4 

0.5 

70.3 

0.3 

0.9 

\Tqy  . 

9.9 

12.4 

10.2 

78.0 

0.3 

1.1 

A  vpr  . 

8.7 

11.1 

6.0 

74.2 

0.3* 

1.0 

Pretzels: 

\Iin  . 

2 

8.1 

9.1 

3.9 

71.1 

0.4 

3.2 

\I{1Y  . 

11.0 

10.3 

3.9 

74.5 

0.5 

.  4.9 

A  . 

9.6 

9.7 

3.9 

72.8 

0.6* 

4.0 

Graham  crackers: 

XTin  . 

4 

3.1 

7.4 

1.1 

69.7 

0.6 

> 

1.2 

\T  n  Y  . 

8.4 

14.4 

13.6 

77.2 

2.4 

1.9 

6.4 

10.0 

9.4 

73.8 

1.6* 

1.4 

*  Fiber  determinationa  only  in  part  of  the  samples. 
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Cake  and  Cookies.— Under  this  head  are  included  sweetened 
bakery  products.  As  regards  moisture,  cake  bears  the  same  relation  to 
cookies  as  bread  to  crackers.  In  addition  to  sweetening  and  flavoring 
they  usually  contain  added  fat  (butter,  lard,  or  vegetable  shortening) 
or  eggs,  or  both.  Milk,  skimmed  milk,  or  dried  skimmed  milk  may  be 
substituted  for  all  or  part  of  the  eggs.  Certain  varieties,  such  as  coffee 
cake  and  raised  dougnhuts,  are  leavened  with  yeast,  but  in  the  United 
States  most  kinds  of  cake  are  made  with  baking  powder  or  its  equivalent 
in  baking  chemicals.  Sponge  cake  of  the  highest  type  is  made  from 
flour,  sugar,  and  eggs  alone  without  the  addition  of  either  yeast  or  baking 
powder,  the  eggs  serving  to  aerate  the  loaf. 

Compared  with  bread,  cake  in  general  contains  less  moisture,  much 
more  fat,  more  nitrogen-free  extract  (due  to  sugar)  but  less  starch  and 
less  protein.  These  statements  apply  whether  or  not  the  analysis 
is  calculated  to  the  dry  basis.  They  are  readily  understood  when 
one  considers  that  sweetening  and  shortening  each  add  one  non- 
nitrogenous  nutrient,  respectively  sugar  and  fat,  thus  of  necessity 
depressing  the  protein  and  starch.  Eggs  increase  to  some  extent  the 
protein  as  well  as  the -fat,  but  they  are  not  commonly  present  in  suf¬ 
ficient  amount  to  overcome  the  opposite  influence  of  the  sweetening 
and  shortening. 

Because  of  the  endless  recipes  for  cake,  even  of  the  same  name, 
tables  of  composition  are  of  limited  value.  By  varying  the  amount  of 
frosting  alone  the  composition  may  be  greatly  changed.  Only  by  actual 
analysis  or  careful  calculation  based  on  the  amount  and  composition 
of  the  ingredients  can  the  true  amount  of  the  constituents  be  de¬ 
termined. 


On  the  following  page  are  figures,  taken  from  Atwater  and  BryanEs 
Compilation,  which  compared  with  analyses  of  bread  and  crackers  serve 
to  bring  out  the  points  mentioned. 

Alimentary  Pastes. — Macaroni,  Spaghetti,  Vermicelli,  and  Water 
Noodles  are  prepared  from  the  dough  of  coarsely  ground  flour  (semo¬ 
lina)  made  from  durum  wheat  or  some  other  variety  rich  in  protein. 
They  correspond  closely  in  composition  with  the  flour  from  which  they 
are  made  and  differ  from  one  another  in  the  characteristic  forms  obtained 
by  forcing  the  dough  through  a  perforated  plate  or  cutting  it  into  strips 
A  summary  of  analyses  by  Winton  and  Ogden  ^  is  given  below. 

Egg  Noodles  are  made  with  eggs  or  egg  yolks,  which  increase  the  con- 
stituents,  other  than  nitrogen-free  extract,  beyond  the  amounts  present 

hv  Ihe  n “  '®“thin  as  measured 
by  the  percentage  of  lecithin-phosphoric  acid. 

1  Connecticut  Agr.  Exp.  Sta.  Rep.  1901,  p.  198. 
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Composition  of  Cake  and  Cookies  (Atwater  and  Bryant) 


Samples 

Water 

Protein 

(NX 

G.25) 

Vii\ 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Cake: 

27 

Min . 

G  3 

4  0 

2  5 

59  4 

0  1 

n  A 

Ma.x . 

34  4 

9  0 

15  G 

78  8 

W  ,  1 

i)  Q 

u .  0 

Aver . 

19.9 

6  3 

9.0 

63.3 

0.4* 

** .  o 

1 

Doughnuts: 

9 

JL  •  U 

Min . 

11.0 

5  1 

IG  4 

45  8 

0  G 

0  3 

Max . 

25.8 

7.G 

25  7 

G3  2 

0  8 

1  0 

Aver . 

18.3 

6.7 

21  0 

63  1 

0.7* 

0  9 

Sugar  cookies: 

9 

Min . 

4.3 

4.5 

4.8 

G9. 1 

0  3 

0  G 

Max . 

13.3 

8.0 

1G.7 

84.4 

2  9 

3  4 

Aver . 

8.3 

7.0 

10.2 

73.2 

1.1* 

1.3 

Ginger  snaps: 

7 

Min . 

4.3 

5.8 

2.3 

71.9 

0.4 

1.8 

Max . 

9.7 

7.3 

15.4 

80.8 

0.9 

3.7 

Aver . 

6.3 

6.5 

8.6 

76.0 

0.7* 

2.6  • 

*  Fiber  deteriiiinations  only  in  part  of  the  samples.  ^ 


Composition  of  Alimentary  Pastes  (Winton  and  Ogden) 


- 

Samples 

Water 

Protein 

(NX6.25) 

Fat 

N-f.  ext. 
and  fiber 

Ash 

37 

% 

% 

% 

% 

% 

Macaroni: 

]\Tin  . 

10.3 

11.9 

0.2 

G4.8 

0.4 

jVjflY  . 

14.3 

20.7 

1.1 

75. G 

1.0 

Aver  t . 

12.7 

14.0 

0.4 

72.2 

0.7 

Spaghetti: 

Min  . . 

8 

12.7 

11.9 

0.2 

72. G 

0.5 

IMnv  . 

13.4 

13.4 

'O.G 

73.9 

0.7 

A  T/pr  . 

13.0 

12.7 

0.4 

73.3 

0.6 

Vermicelli: 

IVTin  , . 

10 

11.5 

12.1 

0.3 

71.5 

0.5 

1V4  Y  . 

12.7 

15.3 

O.G 

74.3 

1.0 

12.3 

13.6 

0.4 

73.1 

0.7 

Noodles  (water): 

22 

12  0 

12.2 

0.2 

70.8 

0.5 

13.8 

15.4 

0.7 

73.8 

1.2 

12.9 

13.1 

0.4 

72.9 

0.7 
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Juckenack  '  and  Juckenack  and  Pasternack  adopted  the  following 
average  percentages  as  present  in  flour  and  water  noodles:  lecithin- 
phosphoric  acid  0.0225,  total  phosphoric  acid  0.23,  fat  0^66,  protein 
12  00  and  ash  0  46.  They  calculated  the  increase  for  each  added  egg 
iL  egTyolk  of  average  wdght  and  composition  per  500  grams  of  flour. 
These  constituents  in  noodles  containing  1  to  3  eggs  per  500  grams  range 
as  follows:  lecithin-phosphoric  acid  0.0513  to  0.1044,  total  phosphoric 
acid  0.27  to  0.35,  fat  1.56  to  3.24,  protein  12.99  to  14.81,  and  ash  0.57  to 


0.76  per  cent. 

The  figures  for  noodles  made  with  egg  yolk  alone  differ  little  from  the 
foregoing  except  in  the  protein  and  ash,  which  range  respectively  as 
follows:  protein  12.37  to  13.07,  and  ash  0.49  to  0.54  per  cent. 

These  figures  do  not  take  into  account  the  variation  in  the  composi¬ 
tion  of  flour  and  eggs  and  of  the  weight  of  each  egg.  As  they  were 
designed  merely  to  aid  in  the  valuation  of  commercial  egg  noodles  in 
conformity  to  legal  regulations,  they  are  based  on  figures  which  give  the 
manufacturer  the  benefit  of  the  doubt.  In  hard  wheat  flour,  Juckenack 
and  Pasternack  found  as  high  as  0.0435  per  cent  of  lecithin-phosphoric 
acid.  A  more  accurate  idea  of  the  composition  of  the  noodles  may  be 
gained  if  an  actual  analysis  of  the  flour  is  taken  as  the  starting  point, 
accepting  Juckenack’s  increments  per  egg  of  the  different  constituents. 


DWARF  WHEAT 

Triticum  sativum  Lam.  var.  compactum  (Host.)  Hackel  =  T.  compactum 

Host. 

Ger.  Zwergweizen. 

Hedgehog  or  dwarf  wheat  is  a  prehistoric  form  grown  by  the  lake 
dwellers  and  still  cultivated  in  Switzerland  and  regions  adjoining  on 
the  north  and  east. 

It  corresponds  to  common  wheat  in  structure. 


ENGLISH  WHEAT 

Triticum  sativum  Lam.  var.  turgidum  (L.)  Hackel  =  T.  turgidum  L. 

Fr.  Froment  renfle.  Sp.  Trigo  rendondillo.  Ger.  Englischer  AVeizen. 

Although  known  as  English  wheat,  this  variety  is  seldom  grown  out¬ 
side  of  the  Mediterranean  region.  It  yields  a  gray  flour  with  low  gluten 
content  not  well  suited  for  bread. 

1  Z.  Unters.  Nahr.-Genussm.  1900,  3,  13. 

2  Ibid.  1904,  8,  94. 
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MACROSCOPIC  STRUCTURE. — The  kernels  are  short,  broad,  and 
blunt  at  the  apex  and  are  not  compressed. 

MICROSCOPIC  STRUCTURE. — The  microscopic  characters  have 
been  found  to  be  practically  the  same  as  those  of  common  wheat  except 
that  certain  sports,  occurrinji;  amon^  the  usual  form,  produce  kernels  of 
a  madder-red  color  due  to  bluish  red  contents  of  the  aleurone  cells. 

Chief  Structural  Characters. — Kernels  short.  Like  wheat  in 
structure. 

DURUM  WHEAT 

Triticum  sativum  Lam.  var.  durum  (Desf.)  Hackel  =  T.  durum  Desf. 

Fr.  B14  dur.  Sp.  Trigo  duro.  It.  Grano  duro.  Ger.  Hartweizen. 

Macaroni  or  durum  wheat,  believed  to  be  of  recent  origin,  is  grown 
in  countries  about  the  Mediterranean,  Black,  and  Caspian  Seas  and  in 
parts  of  North  and  South  America.  Flour  from  this  variety  is  best 
suited  for  alimentary  pastes. 

MACROSCOPIC  STRUCTURE. — The  kernel  is  characterized  by 
the  hard,  horny  endosperm  developed  commonly  to  the  complete  exclu¬ 
sion  of  floury  endosperm,  also  by  the  angular  form  and  the  large  size 
of  the  kernel,  the  length  reaching  10  mm.  or  more  and  the  breadth  4  mm. 

Certain  Abyssinian  varieties,  according  to  Kornicke  and  Werner,^ 
have  brown  or  purple-violet  kernels,  the  color  being  due  to  the  walls  of 
the  epicarp  and  hypoderm,  and  the  uniform  (not  granular)  contents  of 

the  cross  cells. 

MICROSCOPIC  STRUCTURE.— In  general  histological  charac¬ 
ters,  macaroni  wheat  is  like  common  wheat.  The  microscopic  examina¬ 
tion  of  alimentary  pastes  is  carried  out,  after  grinding  to  a  powder,  as 
described  for  flour  under  Wheat,  remembering  that  since  the  gluten  has 
been  formed  in  their  preparation  the  Bamihl  test  is  not  applicable. 

Artificial  colors  such  as  the  tropieolins  give  color  reactions  in  the 
acid  treatment  preliminary  to  the  examination  of  the  cellular  tissues. 

Eggs  are  a  constituent  of  true  noodles. 

Chief  Structural  Characters.— Kernel  large,  angular,  horny. 

Like  wheat  in  microscopic  structure. 

POLISH  WHEAT 

Triticum  'polomcum  L. 

Fr.  Froment  de  Pologne.  Sp.  1'riso  polaco.  Ger.  Polnischer  Weizen. 

Tliis  is  the  only  naked  wheat  which  systematists  seem  disposed  to 
leave  with  its  lannean  name  notwithstanding  De  Candolle’s  statemen 
J  Handbuch  des  Getreidehavies.  Berlin,  1885,  pp.  26-28. 
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that  it  has  not  been  found  wild  and  is  doubtless  a  form  obtained  by  cul¬ 
tivation.  Although  known  as  Polish  wheat,  Poland  does  not  appear  to 
be  its  home;  De  Candolle  places  it  in  Eastern  Europe,  Gilg  m  »pain. 

MACROSCOPIC  STRUCTURE— The  kernels  are  even  harder  than 
those  of  macaroni  wheat,  and  larger,  reaching  12  mm.  in  length.  In  shape 

they  are  more  like  rye,  hence  the  name  “  giant  rye.’ 

MICROSCOPIC  STRUCTURE— No  histological  differences  from 

common  wheat  have  come  to  our  knowledge. 


SPELT 


Triticum  sativum  Lam.  var.  Spelta  (L.)  Hackel  T.  Spelta  L. 

Fr.  Epeautre.  Sp.  Escanda.  It.  Spelda.  Ger.  Spelt. 

Spelt  is  the  most  important  of  the  chaffy  wheats,  a  group  in  which,' 
like  most  barleys,  the  fruit  is  not  separated  from  the  floral  envelopes  on 
threshing. 

Authorities  are  not  agreed  as  to  the  origin  of  this  variety.  De 
Candolle  finds  no  conclusive  evidence  of  its  ancient  cultivation  in 
the  Orient  or  Mediterranean  countries  but  states  that  history  and  espe¬ 
cially  philology  point  to  an  origin  in  eastern  temperate  Europe  and  the 
neighboring  countries  of  Asia  and  inclines  to  the  view  that  it  was 
“  derived  by  cultivation  from  common  wheat  or  an  intermediate  form 
at  some  not  very  early  prehistoric  time.”  Other  authors,  notably  of  the 
German  school,  consider  that  it  was  the  chief  cereal  of  ancient  Egypt, 
Greece  and  Rome.  At  present  its  culture  is  largely  limited  to  Switzer¬ 
land,  southern  Germany,  and  Spain,  being  used  for  grits,  coarse  flour, 
and  feeds. 

MACROSCOPIC  STRUCTURE. — The  spikelets  are  loosely  arranged 
on  the  rachis  (or  axis)  as  in  common  wheat,  but  on  threshing,  instead  of 
the  kernels  falling  out  of  the  chaff  leaving  it  on  the  rachis,  the  rachis  * 
breaks,  usually  just  below  the  base  of  each  spikelet,  and  a  section  remains 
attached  and  closely  pressed  to  the  inner  side  of  the  spikelet  along  half 
its  length.  The  spikelets  are  irregularly  four-sided,  somewhat  com¬ 
pressed.  The  stiff,  broad,  truncated,  blunt-keeled  empty  glumes  sub¬ 
tend  two  to  three  flowers,  ripening  usually  two  kernels.  The  thin, 
membranous,  many-nerved  flowering  glumes  may  be  awned  or  awnless; 
the  palets,  also  thin,  have  two  keels  each  with  short  stiff  bristles.  Carleton  ^ 
gives  an  illustration  showing  well  the  characters  of  spelt  and  emmer. 

MICROSCOPIC  STRUCTURE. — The  chaff  resembles  in  some  his¬ 
tological  details  barley ,  in  others  oats ;  the  kernel  is  intermediate  between 
wheat  and  rye  with  some  details  unlike  either. 

1  U.  S.  Dept.  Agr.  1911,  Farm.  Bui.  466. 
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Empty  Glumes. — The  four  layers  are  as  follows:  (1)  outer  epiderm 
of  wavy- walled  elongated  cells,  twin  cells  (one  more  or  less  crescent¬ 


shaped)  and  round  cells  (some  developed  into  hairs),  (2)  hypoderm 
of  several  thicknesses  of  thick- walled  sclerenchyma  fibers,  (3)  spongy 
parenchyma,  and  (4)  inner  epiderm  much  like  the  outer  but  with  stomata 
added.  The  second  layer  is  lacking  on  the  edges  and  the  third  occurs 
only  beneath  the  nerves. 

Flowering  Glume. — The  structure  is  much  like  that  of  the  empty 
glumes  but  the  sclerenchyma  fibers  have  thinner  walls  and  form  only  one 
cell  layer;  the  spongy  parenchyma  forms  a  continuous  layer  of  rectangular 
cells;  and  the  inner  epiderm  is  made  up  of  thin-walled  elongated  cells 
and  here  and  there  short  awl-shaped  hairs  with  swollen  bases. 

Palet. — Rows  of  thick-walled  hairs  up  to  200  y  in  length  form  a 
saw-edge  on  each  keel  and  spongy  parenchyma  occurs  only  under  the 
keels;  in  other  respects  the  structure  is  practically  the  same  as  of  the 
flowering  glume. 

Pericarp. — Spelt  hairs  reach  1500  y  or  more  in  length  and  occasion¬ 
ally  have  a  lumen  broader  than  the  walls,  whereas  wheat  hairs  are  less 
than  1000  y  and  the  lumen  is  rarely  broader  than  the  walls.  The 
cpicarp,  hjpoderm,  and  cross  cells  have  thick,  distinctly  pitted  side  walls, 
and  the  cross  cells  have  thin,  distinctly  pitted  end  walls  as  in  the  cor¬ 
responding  layers  of  wheat.  Tube  cells  occur  in  considerable  number. 

Spermoderm,  Perisperm,  Endosperm,  and  Embryo  are  little  if  any 

different  from  these  parts  in  wheat. 

Chief  Structural  Characters. — Grain  chaffy;  section  of  rachis 

at  side  of  spikelet,  not  as  in  emmer  forming  a  stem. 

Chaff  similar  to  barley  chaff  but  saw-edge  of  stiff  hairs  on  palets  as 


in  oats.  Epicarp  hairs  longer  (1500  y)  than  in  wheat,  and  lumen  more 
commonly  broader  than  walls.  Other  distinctions  from  wheat  slight. 

CHEMICAL  COMPOSITION.— Konig’s  Compilation  (human  foods) 
and  Dietrich  and  Konig’s  Compilation  (feeds)  give  the  average  of  18 
early  analyses  as:  water  13.37,  protein  11.84,  fat  1.85,  nitrogen-free 

extract  68.22,  fiber  2.65,  and  ash  2.07  per  cent. 

Proteins.— In  Red  Tyrol  spelt  Konig  and  Rintelen  ^  found  the  three 
prolamines  described  under  wheat  but  only  the  gliadin  was  obtained 

pure.  It  contained  17.72  per  cent  of  nitrogen.  ,  ^  r  n  2 

In  a  prolamine  preparation  from  spelt,  Jones,  Gersdorff,  and  Moeller 

found  cystine  1.79  and  tryptophane  1.08  per  cent.  ; 

Pillitz^  found  2.35  per  cent  of  water-soluble  protein  (albumin) 


air-dry  spelt. 


1  Z.  Enters.  Nahr.-Genussm.  1904,  8,  401,  721. 

2  J.  Biol.  Chem.  1924,  62,  183. 

3  Z.  anal.  Chem.  1872,  11,  46. 
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Carbohydrates.-In  the  sample  mentioned  in  the  foregmng  sentence. 
Pillitz  made  the  following  determinations:  sugar  0.99,  dextrin  1.7 A 
and  starch  61.67  per  cent. 


EMMER 

Trilicum  sativum  Cam.  var.  dicoccum  (Schrank)  Hackel  =  T.  dicoccum 

Schrank 

Fr.  Amidonnier.  Ger.  Emmer. 

Heads  of  emmer  have  been  found  among  the  relics  of  the  lake  dwellers 
in  Switzerland,  in  which  country  and  adjoining  parts  of  southern  Ger¬ 
many  it  is  still  grown  on  a  small  scale.  De  Candolle  considers  it  an 
ancient  cultivated  form  of  spelt.  A  sample  of  grain  from  a  mummy  of 
the  dynasty  of  Amenophis  III  (1800  b.c.),  obtained  at  Luxor  by  the  late 
Mr.  James  S.  Bell  of  the  Washburn-Crosby  Company,  Minneapolis, 
appears  to  be  emmer,  although  its  ancient  cultivation  in  Egypt  has  been 
disputed. 

MACROSCOPIC  STRUCTURE. — Emmer  differs  from  spelt  more  in 
its  habit  of  growth  (in  a  closer  spike)  and  the  place  where  the  rachis 
breaks  (just  above  the  point  of  attachment  of  the  spikelet)  than  in  the 
spikelet  itself.  By  threshing,  the  section  of  the  rachis  forms  a  kind  of 
stem  to  each  spikelet  from  one-third  to  one-fifth  its  length  and  does  not, 
as  in  spelt,  extend  along  the  side  of  the  spikelet.  The  spikelets  are  also 
more  compact  and  more  flattened,  the  empty  glumes  taper  more  to  the 
blunt  apex,  and  the  keel  is  a  little  sharper  and  ends  in  a  sharper  tooth 
than  in  spelt,  but  these  differences  are  not  well  marked.  Carleton’s 
illustration  ]  shows  well  the  general  appearance  of  the  grain. 

MICROSCOPIC  STRUCTURE. — The  structure  of  the  chaffy  parts 
corresponds  to  that  of  spelt. 

Hauptfleisch  ^  states  that  the  epicarp  hairs  of  emmer  are  more  like 
those  of  rye  than  of  wheat,  with  lumen  often  broader  than  the  walls. 
This  we  are  unable  to  confirm  with  the  varieties  we  have  examined.  We 
do,  however,  confirm  his  statement  that  emmer  cross  cells  are  much 
thinner-walled  than  wheat  cross  cells  and  less  distinctly  porous;  further¬ 
more  that  the  pits  are  perhaps  even  less  distinct  than  in  rye  cross  cells. 
On  the  other  hand  the  end  walls  of  these  cells  are  thin  and  porous  and  do 
not  have  large  intercellular  spaces,  therefore  they  lack  the  swollen 

appearance  so  characteristic  of  rye.  Hauptfleisch  correctly  states  that 
the  starch  is  of  the  wheat  type. 


^  U.  S.  Dept.  A{2:r.  1911,  Farm  Bui.  466. 
Mandw.  Vers.-Stat.  1903,  68,  65. 
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Chief  Structural  Characters. — Grain  chaffy;  section  of  rachis 
at  base  forming  stem  not  as  in  spelt  on  side. 

Chaff  elements  practically  like  those  of  spelt.  Cross  cells  with  thin 
indistinctly  beaded  side  walls  but  without  swollen  end  walls.  Other¬ 
wise  like  wheat  in  structure. 

CHEMICAL  COMPOSITION. — The  composition  of  a  foreign 
sample  of  black  emmer  and  the  range  in  composition  and  average  of 
24  analyses  of  black  emmer  grown  in  the  United  States,  as  obtained 
by  Chamberlain,^  follow: 


Composition  ok  Emmer  (Chamberlain) 


Water 

Protein 

(NX6.25) 

J'’at 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Foreign . 

8.92 

12.  (K) 

1.47 

71.93 

10.72 

3.88 

United  States: 

Min . 

7.97 

8.63 

1.43 

61.01 

9.17 

2.46 

Max . 

10.25 

18.69 

2.88 

74.16 

17.89 

5.60 

Aver . 

8.68 

1 

13.28 

1.91 

69.42 

11.31 

4.07 

Proteins. — In  a  prolamine  preparation  from  emmer,  Jones,  Gersdorff, 
and  Moeller 2  found  cystine  1.98  and  tryptophane  0.80  per  cent. 

EINKORN 

Triticum  rnonococcurn  L. 

Fr.  Petit  4peautre.  Ger.  lunkorn. 

Authorities  are  well  agreed  that  this  chaffy  wheat,  known  usually  by 
its  German  name  meaning  one-grain,  is  a  distinct  species.  \  ihnorin  ^ 
has  not  succeeded  in  crossing  it  with  varieties  of  T.  sativum.  DeCandol  e 
traces  its  origin  to  Serbia,  Greece,  and  Asia  Minor,  where  it  still  has  been 
found  wild.  Gilg^  states  it  was  grown  by  the  lake  dwellers.  It  is  cul- 
tivated  at  present  on  poor  soil  in  Spain,  Switzerland,  and  South  Ger- 

many. 

1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bui.  120. 

2  .J.  Biol.  Chem.  1924,  62,  183. 

3  Bui.  80C.  hot.  France,  1883,  62. 

*  Real-Enz.  ges.  Pharm.  2  Aufl.  1909,  12,  315. 
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MACROSCOPIC  STRUCTURE— The  terminal  spikelet  of  the  head 
is  abortive  in  this  species.  Empty  glumes  are  nerved  and  bear  three 
teeth.  flowering  glume  splits  longitudinally  into  two  parts  on  ripen¬ 
ing  The  spikelets  bear  only  one  kernel,  as  is  indicated  by  the  name. 

MICROSCOPIC  STRUCTURE— The  chaff  elements  correspond 
closely  with  those  of  spelt  and  emmer  but  the  tissues  are  more  delicate, 
the  awl-shaped  hairs  of  the  inner  epiderm  of  the  flowering  glume  are 
shorter,  and  the  walls  of  that  layer,  especially  over  the  nerves,  are  more 

or  less  wavy. 

The  hairs  of  the  pericarp  are  like  those  of  wheat.  The  cross  cells 
are  as  thin-walled  and  as  indistinctly  beaded  as  in  emmer  or  even 
more  so. 

According  to  Benecke,^  einkorn  is  the  only  one  of  the  chaffy  wheats 
that  shows  a  blue  coloration  in  the  contents  of  the  aleurone  cells.  This 
blue  color  is  faint. 

Wiesner^  and  Hauptfleisch  ^  agree  as  to  the  maximum  size  of  the 
starch  grains,  giving  27  and  28.5  ^  respectively. 

Chief  Structural  Characters. — Spikelet  with  only  one  fruit. 

Chaff  tissues  more  delicate  and  hairs  of  inner  epiderm  shorter  than  in 
spelt  and  emmer.  Epicarp  hairs  of  wheat  type;  cross  cells  indistinctly 
beaded.  Aleurone  cells  with  faint  blue  contents.  Starch  small  (28  ju). 

CHEMICAL  COMPOSITION. — Four  analyses  by  Chamberlain  ^ 
yielded  minimum,  maximum,  and  average  results  as  follows: 


Composition  of  Einkorn  (Chamberlain) 


Water 

Protein 

(NX6.25) 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

7.86 

8.81 

8.34 

% 

13.69 

16.25 

14.67 

% 

2.00 

2.43 

2  19 

% 

61.64 

66.15 

64.02 

% 

13.01 

14.67 

13  65 

% 

4.72 

6.82 

6  67 

Max . . 

Aver . . 

Proteins.  Jones,  Gersdorff,  and  Moeller^  found  in  einkorn  prolamine 
1.98  per  cent  of  cystine  and  0.47  per  cent  of  tryptophane. 

1  Landw.  Vers.-Stat.  1889,  36,  337. 

2  Die  Rohstoffe  des  Pflanzenreiches,  1  Aufl.  Leipzig,  1873,  p  596 

3  Landw.  Vers.-Stat.  1903,  68,  88. 

*  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bui.  120. 

®  J.  Biol.  Chem.  1924,  62,  183. 
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RYE 

Secale  cereale  Tv. 

Fr.  Seigle.  Sp.  Centeno.  It.  Se^ala.  Ger.  Roggen. 

Althoiipih  not  of  the  same  p:enus,  rye  is  closely  related  to  wheat. 
It  is  more  northern  in  its  recpiirements  than  wheat  and  until  modem 
times  was  not  found  wild  or  cultivated  outside  of  central  and  northern 
lOurope.  In  Germany,  Austria,  Switzerland,  and  eastward  at  the  present 
time  it  ranks  with  wheat  in  importance  as  a  bread  cereal.  It  must  also 
have  been  a  common  product  in  the  British  Isles  for  some  centuries  from 
whence  it  was  introduced  into  North  America.  As  late  as  the  latter  half 
of  the  nineteenth  century  rye  was  grown  almost  to  the  exclusion  of  wheat 
in  New  England  and  ground  locally  for  bread-making.  The  influx  of 
Teutonic  and  Scandinavian  emigrants  into  the  United  States  has  stimu¬ 
lated  its  culture  in  middle  western  and  northwestern  states. 

MACROSCOPIC  STRUCTURE. — The  kernel  is  more  slender  than 
wheat,  tapers  more  toward  both  ends,  and  has  a  less  inviting  dirty  brown 
or  green-brown  color.  To  the  naked  eye  it  shows  no  difference  from 
wheat  in  morphological  structure. 

MICROSCOPIC  STRUCTURE. — Its  microscopic  as  well  as  macro¬ 
scopic  structure  is  best  understood  by  comparison  with  its  near  relative, 
wheat.  Such  a  study  of  comparative  anatomy  further  aids  in  distin¬ 
guishing  the  products  of  the  two  cereals— flour,  bread,  shorts,  and  bran. 

Pericarp  (Fig.  99,  F;  Fig.  100). — A  cross  section  shows  the  same 
number  of  layers  as  in  wheat  and  similar  details  of  structure.  The 
layers  arc:  (1)  longitudinally  elongated  epicarp  cells  {epi,  epi'^)  with 
walls  thinner  and  less  distinctly  porous  (beaded)  than  in  wheat,  the  cells 
at  the  apex  being  isodiametric  {epi^)  and  interspersed  with  broad- 
lumened  hairs  (t);  (2)  hypoderm  (hy)  of  one  or  two  cell  layers  similar 
to  the  epicarp;  (3)  curious  intermediate  cells  {ini)  with  beaded  or  simple 
cell  walls  and  round  intercellular  spaces;  (4)  cross  cells  (tr)  with  indis¬ 
tinctly  porous  side  walls,  rounded  and  swollen  end  walls,  and  (seen  in 
cross  section)  inner  wall  thicker  than  outer;  and  (5)  tube  cells  (tu).  ^ 

The  hairs  have  been  the  subject  of  much  study  by  Wittmack 
and  others,  as  they  furnish  one  means  of  distinguishing  rye  from  wheat 
products.  As  a  rule,  but  not  always,  the  breadth  of  the  lumen  of  these 
hairs  is  greater  than  the  breadth  (apparent  breadth,  strictly  speaking, 
the  thickness)  of  the  walls.  Often  the  lumen  is  of  considerable  breadth 
even  at  the  apex  of  the  hair.  The  length  varies  up  to  over  800  y. 

1  Anleitung  z.  Erkennung  organ,  u.  unorgan.  Beimengungen  ira  Roggen-  u. 
Weizenmehle.  Leipzig,  1884. 
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The  second  distinction  of  rye  from  wheat  lies  in  the  cell  walls  of  the 
cpimrp  and  hypoderm  which  arc  thinner  and  less  sharply  beaded. 


Fig.  99. — Rye.  Kernel  in  median  dorsal  cross  section.  F  pericarp:  epi  epicarp, 
hy  hypoderm,  int  intermediate  cells,  tr  cross  cells,  tu  tube  cells  (endocarp).  S  spermo- 
derm  of  two  brown  layers.  N  perisperm.  E  endosperm:  al  aleurone  cells,  am 
starch  cells.  X160.  (A.L.W.) 


The  third  distinction  and  the  most  important  is  the  structure  of 
the  cross  cells  (Fig.  101)  which,  like  the  outer  layers,  have  thinner  and  less 


Fig.  100.  Rye.  Pericarp  layers  in  surface  view,  epi^  epicarp  at  apex  of  grain 
with  t  hairs.  Layers  on  middle  of  dorsal  side:  epp  epicarp,  hy  hypoderm,  int  inter¬ 
mediate  cells,  cross  ceils,  tube  cells.  X160.  (A.L.W.) 


distinctly  porous  side  walls  and  in  addition  what  appear  to  be  swollen 
and  rounded  end  walls  without  pores,  whereas  the  end  walls  in  wheat  are 
not  only  thinner  than  the  side  walls  but  are  distinctly  porous.  The 
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reason  for  this  pecuiliar  appearance  will  be  apparent  on  comparing  the 
cells  (tr)  in  cross  section  and  in  surface  view.  Fig.  99  shows  that  the 
inner  w’all  is  thicker  than  the  outer  and  that  it  turns  upward  at  the  end, 
continuing  as  a  thickened  radial  wall  part  way  to  the  outer  wall,  whereas 
Fig.  101  shows  that  intercellular  spaces  occur  between  the  end  walls. 
A  careful  study  of  mounts  of  scrapings  from  the  two  cereals  will  give  a 
clear  idea  of  this  distinction. 

The  intermediate  cells,  as  shown  in  Fig.  100  (int),  suggest  their  mor¬ 
phological  significance.  It  will  be  noted  that  the  fragment  shown  is  of 
cells  somewhat  elongated  and  arranged  side  by  side  in  rows  like  cross 
cells.  They  are  in  fact  the  remains  of  an  outer  cross-cell  layer,  and  their 
occurrence  in  both  wheat  and  rye  shows  that  these,  like  barley,  have  two 
cross-cell  layers,  hitherto  thought  to  be  a  peculiarity  of  barley  alone. 


Fig.  101. — Rye.  Cross  cells  in  surface  view.  X300.  (A.L.W.) 


Spennoderm  (Fig.  99,  S). — As  in  wheat  this  consists  of  two  crossing 
layers  of  cells  with  exceedingly  narrow  walls,  the  inner  layer  darker 
than  the  outer,  appearing  as  thin,  colored  bands  in  cross  section. 

Perisperm  (Fig.  99,  A^.— This  also  is  as  in  wheat  and  its  structure  is 

demonstrated  as  described  under  that  head. 

Endosperm  (Fig.  99,  E)—ThG  aleurone  layer  in  form,  size,  and 
structure  of  contents  is  practically  the  same  as  in  wheat.  Various 
slight  distinctions  between  these  cells  in  wheat  and  rye  have  been 
advanced  but  most  of  them  do  not  appear  to  deserve  mention.  The 
difference  in  the  size  of  the  false  aleurone  grains,  or  better  stated,  the 
size  of  the  protein  meshes,  noted  by  Von  Hohnel  and  Berthold  and  given 
wide  publicity,  as  stated  under  Wheat,  does  not  seem  decisive. 

A  really  important  characteristic  is  the  blue  color  of  the  cell  con¬ 
tents,  brought  to  notice  by  Kornicke  and  Werner  ^  and  studied  later  by 

1  Handbuch  des  Getreidebaues.  Berlin,  1885. 
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Benecke/  to  which,  seen  through  the  more  or  less  yellow  outer  layers,  the 
kernel  owes  its  greenish  cast.  Not  all  the  aleurone  cells  have  this 
color,  but  Benecke  finds  that  some  of  the  cells  in  all  the  varieties  exam¬ 
ined  gave  positive  results  whereas  all  varieties  of  wheat  gave  negative 
results.  Of  related  wheats  only  emmer  resembles  rye  m  this  respect, 
the  color  being,  however,  faint. 

The  starch  cells  contain  starch  grains  of  the  wheat  type,  their  average 
and  maximum  size  being  somewhat  larger.  An  accurate  numerical 
expression  of  the  size  in  both  cereals  is  not  possible  as  is  evidenced  by 
the  widely  discrepant  figures  reported  by  different  authorities.  On  the 
whole,  Moeller’s  statement  that  in  rye  considerable  numbers  exceed 
50  /X,  whereas  in  wheat  few  reach  50  /x,  seems  sufficient.  The  presence  of 
slits  or  radiating  fissures,  often  found  in  rye  starch  grains,  has  been  con¬ 
sidered  by  some  as  sufficiently  constant  as  to  warrant  using  this  charac¬ 
ter  in  diagnosis.  We  do  not  find  it  reliable  since  wheat  starch  also  may 
have  them  and  rye  starch  sometimes  does  not.  A  more  decisive  dis¬ 
tinction  of  rye  from  wheat,  which  should  always  be  used  to  confirm  the 
results  of  histological  examination,  is  the  absence  of  gluten  as  noted  below. 

Chief  Structural  Characters. — Kernel  more  slender  and  pointed 
than  wheat;  dirty  or  greenish. 

Hairs  usually  with  lumen  broader  than  walls  (wheat  narrower  than 
walls)  ;•  epicarp  and  hypoderm  with  indistinctly  beaded  walls ;  cross  cells 
with  indistinctly  beaded  side  walls  and  swollen  end  walls  (wheat  with 
distinctly  beaded  walls  throughout).  Aleurone  cells  with  blue  contents; 
starch  grains  lenticular  often  over  50  ^  (wheat  seldom  50  n). 

MICROSCOPY  OF  RYE  PRODUCTS. — The  methods  are  described 
under  W  heat.  In  the  examination  of  bran  and  other  mill  by-products 
the  characters  noted  above  apply  and  may  be  readily  determined  by 
direct  examination.  Whole  kernel  bread  or  pumpernickel  ”  in  addition 
to  direct  examination  should  be  treated  by  the  fiber  method  to  remove 
starch,  etc.  as  a  preliminary  step. 

Foreign  flours,  excepting  wheat  and  barley  flour,  are  readily  de¬ 
tected  by  the  characters  of  the  starch  grains;  wheat  flour  is  best  detected 
by  the  Bamihl  test  and  an  examination  of  the  tissues  accumulated  as 
directed  for  the  fiber  test  or  the  scum  test. 

CHEMICAL  COMPOSITION.-Wheat  and  rye  are  similar  in  com¬ 
position  as  well  as  structure,  the  similarity  being  shown  not  only  by 

group  analyses  but  also  by  the  nature  and  characteristics  of  the  com- 
ponents  of  the  groups. 

Following  in  tabular  form  are  figures  showing  the  composition  of 
merican  rye  in  three  periods,  as  given  in  U.  S.  Department  of  Agri- 

*  Landw.  Vers.-Stat.  1889,  36,  337. 
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culture  publications,  namely,  prior  to  1881,  compiled  by  Jenkins  and 
Winton,^  during  1886,  reported  by  Richardson,2and  during  1909,  reported 
by  Chamberlain. 3  For  comparison  Konig’s  averages  for  German  rye 
are  also  given. 

CoMPo.siTioN  OF  Rye 


Sam¬ 

ples 

Water 

Protein 

(NX 

0.25) 

Fat 

N-f.ext. 

Fiber 

Ash 

United  States  (1878-1881): 

Min . 

Ma.x . 

5 

% 

8.08 

13.17 

% 

9.50 

12.07 

% 

1.39 

2  07 

% 

71.21 

73.91 

72.64 

% 

1.40 

2.06 

1.67 

% 

1.75 

1.94 

1.86 

Aver . 

11.69 

10.68 

1.66 

Unite<l  States  (1886): 

01 

Min . 

0.85 

9.28 

1.38 

08.74 

1.10 

1.31 

Max . 

11.00 

15.58 

2.91 

77.54 

1.95 

3.72 

Aver.* . 

13.37 

12.03 

1.84 

69.64 

1.36 

1.76 

United  States  (1909): 

Min . 

17 

8.88 

10.50 

1.54 

76.01 

2.07 

1.65 

Max . 

9.92 

17.44 

2.17 

83.71 

2.66 

3.06 

Aver . 

9.38 

13.44 

1.83 

80.24 

2.30 

2.18 

Germany  (before  1903): 

Aver.  * . 

119 

13.37 

11.17 

1.63 

69.12 

2.62 

2.09 

♦  Knducccl  to  Konig's  basis  of  13.37  per  cent  of  water. 


It  would  appear,  if  these  analyses  are  representative,  that  the  protein  | 
content  of  American-grown  rye  has  increased  during  the  past  quarter 
century  and  that  it  now  considerably  exceeds  that  of  German-grown  rye. 

Rye  Flour. — Notwithstanding  the  markedly  higher  protein  content  ^ 
of  American  rye  over  German  rye,  such  few  analyses  as  are  available 
would  seem  to  indicate  no  such  adv\antage  of  American  rye  flour.  j 

Four  analyses  of  rye  flour,  reported  in  the  U.  S.  Census  of  1880,^  and 
8  analyses,  including  perhaps  the  foregoing,  summarized  by  Atwater 
and  Bryant,’^  show  the  results  given  on  the  following  pa'ge.  ! 

Comparison  of  the  protein  content  in  the  above  table  with  that  of 
German  rye  flour,  which  according  to  Kdnig  is  about  3  per  cent  higher, 
and  with  that  of  the  rye  grain  indicates  that  the  milling  was  so  con- 


^  Off.  Exp.  Htii.  Bui.  11> 

2  Div.  Chem.  Bui.  9. 

2  Bur.  Chem.  Bui.  120. 

4  3,  423. 

6  U.  S.  Dept.  A-r.,  Off.  Exp.  Sta.,  Bui.  23  rev. 
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Composition  of  American  Rye  Flour 


Samples 

Water 

% 

Analyses  before  1881: 

AT  in  . 

4 

12.35 

XT  fl  V  . 

13.58 

A  vpr  . 

13.10 

Analyses  before  1906: 

]\/[  j  n  . 

8 

11.90 

]VT  Y  . 

13.60 

A  vf*!’  . 

12  90 

Protein 

(NX 

6.25) 

Fat 

N-f.ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

6.00 

0.78 

77.56 

0.35 

0.64 

7.05 

0.89 

79.09 

0.45 

0.77 

6.65 

0.84 

78.28 

0.41 

0.72 

4.90 

0.20 

,77.60 

0.40 

0.60 

8.80 

1.30 

80.20 

0.50 

0.90 

6.80 

0  90 

78.70 

0.40* 

0.70 

*  Fiber  determinations  only  in  part  of  the  samples. 


ducted  as  to  include  in  the  flour  only  the  more  starchy  part  (as  dis¬ 
tinguished  from  the  horny  part)  of  the  kernel.  The  high  ash  content  in 
conjunction  with  such  a  low  protein  content  may  be  due  to  lack  of  cer¬ 
tain  precautions  in  burning  which  in  early  analyses  was  not  deemed 
essential.  Analyses  showing  the  composition  of  rye  and  its  products 
from  the  same  milling,  following  modern  processes,  would  be  instructive. 

That  rye  bread  is  not  inferior  in  protein  content  to  wheat  bread  is 
indicated  by  analyses  given  under  that  head. 

Rye  Offal. — Among  the  many  analyses  of  rye  by-products  made  in 
connection  with  state  feed  inspection,  the  following  by  Kellogg^  show 
respectively  the  composition  of  middlings  (average  of  2  analyses)  and 
mixed  middlings  and  hran  (1  analysis):  water  9.76  and  10.84,  protein 
16.78  and  16.69,  fat  3.31  and  3.52,  and  fiber  5.66  and  5.12  per  cent. 

Rye  Embryo. — An  analysis  of  pure  rye  embryo  {germ)  by  Kling^ 
follows:  water  14.7,  water-soluble  protein  9.5,  water-insoluble  protein 
26.18,  amides  3.82,  total  protein  39.5,  free  fatty  acids  1.74,  total  fat  10.57, 
nitrogen-free  extract  27.99,  fiber  2.24,  pentosans  6.86,  lime  0.05,  phos¬ 
phoric  acid  2.97,  and  ash  5.00  per  cent;  starch  none. 

As  analyzed  by  Raining, ^  rye  embryo  contained  the  following  per¬ 
centages  calculated  to  the  dry  substance:  protein,  total  44.74,  soluble 
in  water  21.55,  soluble  in  60  per  cent  alcohol  5.55;  fat  11.95;  nitrogen- 
free  extract  33.83;  starch  6.00  circa]  sugar^  reducing  6.66,  after  inver¬ 
sion  22.62;  pentosans  7.32;  ash  5.54;  phosphoric  acid,  total  3.11, 
water  soluble  1.75;  and  aqueous  extract  51.44  per  cent.  ^ 

1  Pennsylvania  Dept.  Agr.,  Bur.  Chem.  1913,  Bui.  249. 

2  Landw.  Vers.-Stat.  1910,  72,  427. 

^Z.  ges.  Getreidew.  1917,  9,  167. 
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Koehler  ^  found  in  the  dried  embryo  3.11  per  cent  of  P2O5  and  after 
ether  extraction  3.55  per  cent,  of  which  about  44  per  cent  was  phytin 
and  11  per  cent  was  in  mineral  form.  Certain  enzymes  in  the  embryo 
decompose  phosphorus-organic  compounds. 

Proteins. — The  one  marked  distinction  of  rye  from  wheat,  as  regards 
the  proteins,  is  the  failure  of  the  former  to  yield  gluten.  Neither  Ritt- 
hausen^  nor  Osborne,^  both  of  whom  studied  the  proteins  of  the  two 
cereals,  satisfactorily  explained  this  difference  nor  was  either  able  to 
obtain  a  pure  glutelin  or  salt  insoluble  protein  from  rye.  By  analogy 
one  would  expect  such  a  protein  to  exist  and  be  similar  to  or  identical  in 
chemical  configuration  with  the  glutenin  of  wheat.  Accepting  this 
hypothesis,  the  failure  to  combine  with  gliadin  to  form  glutenin  may 
be  explained  as  due  to  physical  condition  or  lack  of  an  unknown  constit¬ 
uent,  whether  or  not  an  enzyme,  essential  for  bringing  about  the  union. 

Richardson,^  in  the  examination  of  16  varieties  of  rye  prior  to 
Osborne’s  investigation, 'found  1.76  to  3.45  per  cent  of  protein  soluble 
in  80  per  cent  alcohol  (crude  gliadin)  and  from  7.60  to  9.97  per  cent 
insoluble  in  that  menstruum.  The  alcohol-soluble  portion  would 
appear  to  represent  an  incomplete  extraction  as  it  reaches  in  no  case  the 
amount  of  gliadin  Osborne  found. 

Osborne^  found  the  following  amounts  of  proteins  in  whole  rye  flour. 


Proteins  of  Whole  Rye  Flour  (Osborne) 

% 

I^ucosin  (water-soluble) .  0-43 

Edestin  (brine-soluble)  and  proteose .  1.76 

Gliadin  (alcohol-soluble) .  4.00 

Glutelin  (brine-insoluble)  by  difference .  2.44 

8.63 

The  specific  rotation  of  rye  gliadin  in  55  per  cent  alcohol,  as  found  by 
Kjeldahl,®  is  -121°.  The  results  of  Lindet  and  Ammann,^  who  sepa¬ 
rated  rye  gliadin  Into  two  parts  each  with  different  rotatory  power,  are 

not  comparable. 

More  recently  Csonka  and  Jones,®  who  have  studied  the  glutelins 
of  the  cereals,  have  precipitated  from  a  0.2  per  cent  sodium  hydroxide 

1  Bul.  intern,  acad.  Polonaise  1929,  B,  237. 

2  J.  prakt.  Chem.  1886,  99,  439. 

3  J.  Am.  Chem.  Soc.  1895,  17,  429. 

*  Loc.  cit. 

®  Loc.  cit. 

«  Bied.  Zentr.  1896,  26,  197. 

^  Bul.  soc.  chim.  1907,  1,  968. 

*  J.  Biol.  Chem.  1929,  82,  17. 


RYE 


263 


extract  of  rye,  by  the  addition  of  ammonium  sulphate  to  5  per  cent 
saturation,  a  glutelin  with  an  isolectric  point  of  pH  6.2.  The  ammonium 
sulphate  added  was  in  excess  of  that  needed  for  its  separation,  which  was 
3  per  cent.  The  filtrate  from  the  glutelin  contained  another  protein 
precipitated  when  ammonium  sulphate  was  added  to  32  per  cent  satura¬ 
tion.  It  was  doubtless  a  globulin.  ^ 

The  Ultimate  Composition  of  the  three  proteins  which  Osborne 
obtained  in  a  condition  of  purity  and  of  the  glutelin  isolated  by  Csonka 


and  Jones  ^  follows: 


• 

Leucosin 

(Osborne) 

Edestin 

(Osborne) 

Gliadin 

(Osborne) 

Glutelin 
(Csonka  and 
Jones) 

Gnrhnn  . 

% 

52.97 

% 

51.19 

% 

52.75 

% 

53.05 

Hydrogen . 

6.79 

6.74 

6.84 

6.35 

Nitrogen . 

16.66 

18.19 

17.72 

16.72 

Sulphur . 

1.35 

]  23 . 88  1 

J  1 

1.21 

1.12 

Oxygen . 

22.23 

21.48 

22.76 

100.00 

100.00 

100.00 

100.00 

Amino  Acids  of  Rye  Proteins. — By  hydrolysis  of  rye  gliadin,  Osborne 
and  Clapp  ^  obtained  the  following  results: 


Products  of  Hydrolysis  op  Rye  Gliadin  (Osborne  and  Clapp) 


% 

Gly  cocoll .  0.13 

Alanine .  1.33 

Leucine .  6.30  . 

Serine .  0.06 

Aspartic  acid .  0.25 

Glutamic  acid .  33.81 

Tyrosine .  1.19 

Phenylalanine .  2.70 

Proline .  9,82 

Tryptophane . present 

Arginine .  2.22 

Histidine .  0.39 

Ammonia .  5 .  n 

63.31 


Valine  and  cystine  were  not  isolated. 
^  Loc.  cit. 

^  Loc.  cit. 

Am.  J.  Physiol.  1908,  20,  494. 
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These  figures  correspond  closely  with  those  obtained  by  the  same 
authors  and  the  same  method  for  wheat  gliadin.  Taken  in  conjunction 
with  the  ultimate  analysis  and  the  specific  rotation  they  seem  to  warrant 
the  conclusion  of  both  Osborne  and  Plimmer  that  the  gliadins  of  the  two 
cereals  are  identical.  The  percentage  of  hydrolysis  products  of  wheat 
gliadin,  as  given  under  wheat,  are  revised  figures  obtained  during  later 
studies.  A  revision  in  the  case  of  rye  gliadin  has  not  been  undertaken. 

Jones,  GersdorfT,  and  Moeller  ^  in  two  preparations  of  rye  gliadin 
found: 


Cystine 

1 

Tryptophane 

% 

% 

I . 

2.64 

0.36 

II . 

2.61 

0.75 

The  basic  amino  acids  of  rye  glutelin  were  determined  by  Csonka 
and  Jones“  with  the  following  results:  cystine  2.56,  arginine  7.07,  lysine 
5.39,  and  histidine  2.75  per  cent. 

Nitrogen  Diistribution  in  Rye  Glutelin— T\\o.  authors  named  in  the 
preceding  paragraph  secured  by  Van  Slyke’s  method  the  following  fig¬ 
ures  in  terms  of  percentages  of  the  total  nitrogen: 


% 

Huniin  N .  1G2 

Cystine  N .  1.79 

Arpjinine  N .  13.61 

Lysine  N .  6.18 

Histidine  N .  4.46 

Amino  N  in  filtrate .  55.53 

Non-amino  N  in  filtrate...  4.78 

Amide  N .  10.87 


98.84 

Nitrogen  Didribulion  in  Nollau  •'  has  applied  to  rye  X’an 

Slyke’s  method  for  (he  determination  of  the  nitrogen  distribution  m  eight 

groups  with  the  results  shown  on  tlie  following  page.  ,  ,  ,  r 

The  high  histidine  nitrogen  (10.48  per  cent)  compared  with  that  n 
wheat  (1.07  per  cent)  as  found  by  Grindley  and  Slater  and  of  wheat  and 

1  J.  Biol.  Cliem.  1924,  62,  183. 

2  Loc.  cit. 

3  J.  Biol.  Chem.  1915,  21,  611. 
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Humin  N . 

Cystine  N . 

Arginine  N.  . .  . 

Lysine  N . 

Histidine  N - 

Mono-amino  N 
Non-amino  N. . 
Amide  N . 


% 

1.54 

2.20 

10.49 

1.24 

10.48 

37.96 

21.63 

15.00 


100.54 


rye  proteins  as  found  by  Osborne  and  Clapp  and  by  Csonka  and  Jones 
needs  explanation. 

With  the  data  now  at  hand,  rye  glutelin,  if  a  single  substance,  would 
not  appear  to  be  identical  with  the  glutenin  of  wheat,  thus  furnishing  an 
explanation  for  our  inability  to  obtain  gluten  from  rye  flour.  It  should 
be  remembered,  however,  that  many  of  the  data  were  secured  early  in 
the  present  epoch  of  protein  research  when  the  methods  had  not  been 
perfectly  developed. 

Free  Amino  Acids,  Acid  Amides,  and  Polypeptides. — Determinations 
by  Jodidi  and  Wangler  ^  appear  in  the  following  table : 


Distribution  of  Non-protein  Nitrogen  in  Rye  (.Jodidi  and  Wangler) 


Acid  amide  N 

Amino  acid  N 

Peptide  N 

% 

% 

% 

In  oven-dried  rye: 

North  Dakota . 

0.090 

0.075 

0.162 

Von  Riimker . 

0.093 

0.101 

0.155 

Reg.  Rosen . 

0.069 

.  0.099 

0.070 

In  total  nitrogen: 

North  Dakota . 

3.72 

3.09 

6.69 

Von  Riimker . 

4.96 

5.39 

8.30 

Reg.  Rosen . 

4.14 

5.97 

4.21 

Fat  (Ether  Extract). — Meyer  ^  determined  the  constants  of  the  fat 
of  the  entire  grain  with  the  following  results:  specific  gravity  at  16°  C. 
0.9334,  refractive  index  at  28°  C.  1.4767,  saponification  number  196, 
iodine  number  81.88,  acid,  number  4.06,  neutralization  value  of  fatty 
acids  199,  insoluble  acids  and  unsaponifiable  matter  88.8,  solidifying 

1  J.  Agr.  Res.  1925,  30,  989. 

2  Chem.  Z.  1903,  27,  958. 
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point  of  fatty  acids  34°  C.,  melting  point  of  fatty  acids  36°  C.,  and 
iodine  number  of  insoluble  fatty  acids  1.3. 

Alpers^  quotes  some  of  Aleyer’s  figures  and  gives  the  following  for  rye 
embryo  oil:  specific  gravity  at  15°  C.  0.9322,  refractive  index  at  25°  C. 
78.5,  solidifying  point  —15°  C.,  saponification  number  174.3,  iodine 
number  127.7,  Reichert-Meissl  number  0.33,  and  Hehner  number  96.01. 

Kling^  found  10.57  per  cent  of  total  fat  in  the  starch-free  embryo. 

Stellwaag  ^  found  3.31  per  cent  of  lecithin  in  the  fat  of  rye  bran. 

Sterols. — Probably  these  are  the  same  as  or  similar  to  those  of  wheat, 
but  definite  data  are  lacking. 

Carbohydrates. — Some  of  the  early  investigators  of  the  carbo¬ 
hydrates  of  the  cereals  found  much  larger  amounts  of  the  soluble  forms 
than  have  been  obtained  more  recently  with  improved  methods  that 
avoid  enzyme  action  during  extraction  and  other  errors.  Banister  ^ 
reported  in  rye  4.30  per  cent  of  sucrose  or  almost  twice  that  in  wheat. 
Richardson^  in  the  samples  of  air-dry  rye  found  as  follows:  sugar, 
etc.,  6.20  to  9.46,  dextrin,  etc.,  4.14  to  6.02  and  starch  58.73  to  64.34  per 
cent.  Stood,^  in  rye  of  different  farms  and  years,  obtained  the  following 
somewhat  lower  but  still  considerable  figures:  dextrose  1.10  to  3.38, 
dextrin  3.01  to  5.24,  starch  54.24  to  68.88,  and  other  constituents  of  the 
nitrogen-free  extract  5.79  to  18.79  per  cent. 

Although  it  is  well  known  that  such  analyses  represent  group  sepa¬ 
rations  rather  than  determinations  of  chemical  individuals,  it  is  not 
surprising  that  the  high  figures  were  discredited  and  that  some  even  dis¬ 
puted  the  presence  of  any  sucrose  in  cereal  grains.  That  sucrose  is  a 
constituent  of  rye  was  proved  by  Schulze,  who  separated  0.15  gram  in 

crystalline  form  from  3  kilos  of  ground  rye. 

Knig"^  found  in  rye  as  follows:  invert  sugar  0.068,  sucrose  0.416,  and 
dextrin  0.220  per  cent.  These  correspond  closely  with  the  figures  Stone 

obtained  in  the  analysis  of  wheat. 

Raffinose  is  said  to  occur  in  rye  as  well  as  wheat. 

Secalose,  according  to  Schulze  and  Frankfurt,^  is  present  in  immature 
r\'e  grain  in  amounts  varying  from  2  to  3  per  cent. 

Tri/radosan.— Tillmans,  Holl,  Jariwala,^  by  adding  dilute  alkali 

1  Ibid.  1918,  42,  37. 

2  Loc.  cit. 

*  Landw.  Vers.-Stat.  1890,  37,  133. 

*  Chem.  News  1885,  62,  293. 

®  Loc.  cit. 

®  Landw.  Vers.-Stat.  1891,  38,  89. 

^U.  S.  Dept.  Agr.,  Div.  Chem.  1898,  Bui.  13,  1207. 

*  Ber.  1894,  27,  65,  3525. 

9  Z.  Enters.  Nahr.-Genussm.  1928,  66,  26. 
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to  the  70  per  cent  alcoholic  extract  of  rye  flour,  precipitated  trifructosan 
(C18H30O15),  the  anhydride  of  trifructose.  The  purified  substance  is 
white,  crystalline,  and  slightly  sweet.  It  contains  43.38  per  cent  o 
carbon  and  6.43  per  cent  of  hydrogen.  Its  specific  rotation  at  20  O. 

is  direct  -43.93°,  after  inversion  -92.70°. 

Kruisheer  ^  obtained  in  bolted  rye  meal  1.5  to  2.0,  in  wheat  flour  only 
0.1  to  0.3  per  cent  of  trifructose  anhydride,  and  states  that  the  amount  of 
rye  flour  in  a  mixture  may  be  determined  within  10  per  cent. 

Pentosans.— literature  on  pentosans  in  rye  is  meager.  A  deter¬ 
mination  in  a  single  sample  of  rye  made  in  the  Bureau  of  Chemistry 
gave  8.10  per  cent,  which  is  over  2  per  cent  more  than  was  obtained  in 

the  same  laboratory  in  a  sample  of  wheat. 

Phosphorus-Organic  Compounds.  Lecithin. — Schulze  ^  states  that 
rye  contains  0.57  per  cent  of  lecithin  in  the  dry  substance,  and  Alpers** 
states  that  rye  embryo  contains  2.43  per  cent,  both  figures  being  slightly 
lower  than  the  amounts  given  by  the  same  authors  as  occurring  in  wheat 
and  wheat  germ  respectively. 

Phytin  and  Nucleic  Acid. — See  Wheat. 

Enzymes. — Maltase  was  found  by  Wierzchowski  ^  to  be  present  in 
small  amount. 

Protease.  According  to  Giesen,®  the  kernel  contains  0.50  and  the 
bran  0.9  per  cent  calculated  as  trypsin,  the  optimum  temperature  being 
30  to  45°  C. 

Mineral  Constituents. — The  average  composition  of  the  ash  of  rye 
grain  as  obtained  by  Wolfl  ^  follows: 


K20 

Na20 

CaO 

MgO 

Fe203 

P  2O6 

SO3 

Si02 

Cl 

% 

32.1 

% 

1.5 

% 

2.9 

% 

11.2 

% 

1.2 

% 

47.9 

% 

1.3 

% 

1.4 

% 

0.5 

Minor  Mineral  Constituents,  /ron.— Whole  kernel  33  to  44  mg.  per  kilo 
(Bunge).® 

Aluminum.  Rye  5.6  mg.  per  kilo,  dry  basis  (Bertrand  and  Levy).® 


^  Rec.  trav.  chim.  1931,  60,  153. 

2  U.  8.  Dept.  Agr.,  Bur.  Chem.  1898,  Bui.  13,  1203. 

®  Landw.  Jahrb.  Schweiz  1892,  6,  72. 

*  Loc.  cit. 

®  Biochem.  Z.  1913,  67,  125. 

®  Inaug.  Dis.  Bern,  1909. 

^  Aschenanalysen,  1880. 

» Sherman’s  Compilation;  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta 
®Compt.  rend.  1931,  192,  525. 


1907,  Bui.  186. 
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Manganese —Rye  14.2  mg.  per  kilo,  air-dry  basis  (Quartaroli);i  105  to  157  mg.  per 
kilo,  dry  basis  (Davidson). ^ 

Copper. — Rye  7.5  mg.  per  kilo,  air-dry  basis  (Guerithault);^  4.16  mg.  per  kilo,  air- 
dry  basis  ((^uartaroli).^ 

Zinc. — Rye  17.2  mg.  per  kilo,  air-dry  basis  (Birckner);*  13.5  mg.  per  kilo,  dry 
basis  (Bertrand  and  Benzon).^ 

CHEMICAL  COMPOSITION  OF  BREAD.  Common  Rye  Bread.— 
The  idea  that  rye  bread  is  more  nutritious  than  wheat  bread  is  quite 
widespread,  particularly  among;  German  emigrants,  who  regard  it  as  the 
mainstay  of  the  sturdy  German  peasant,  and  among  the  older  New 
England  farmers  who  remember  the  time  when  bread  from  stone-ground 
rye  flour  was  on  every  table.  Light  is  thrown  on  this  subject  by  the 
following  minimum,  maximum,  and  average  results  of  analyses  of  Amer¬ 
ican  rye  bread  as  tabulated  by  Atwater  and  Bryant:^'  water  20.6  to  44.0, 
aver  35.7  per  cent;  protein  (N  X  6J)  6.4  to  11.1,  aver.  9.0  per  cent; 
fat  0.01  to  1.4,  aver  0.6  per  cent;  nitrogen-free  extract  45.6,  to  65.8, 
aver.  63.2  per  cent;  fiber  0.1  to  1.0,  aver  0.5  per  cent;  ash  0.6  to  2.7, 
aver.  1.5  per  cent. 

Compared  with  the  summary  of  111  analyses  of  wheat  bread  by  the 
same  compilers,  the  water  and  protein  content  are  about  the  same  in 
both.  This  correspondence  and  the  similarity  in  composition  of  wheat 
and  rj'e  grains  leave  the  manifest  difference  in  analyses  of  rye  and  wheat 

flour,  already  noted,  to  be  explained. 

The  analyses  of  the  rye  flour  are  possibly  not  fully  representative  of 
the  product  at  the  time  the  bread  was  analyzed.  A  more  significant 
explanation  is  the  fact  that  both  the  miller  and  the  baker,  then  and  now, 
are  accustomed  to  mix  rye  flour  with  a  second  or  third  grade  of  wheat 
flour  containing  a  liberal  percentage  of  protein.  By  this  means  the  loaf 
volume  is  improved  although  not  to  such  an  extent  as  when  a  higher 
grade  flour  is  added. 

Whole  Rye  Bread  (Pumpernickel)  forms  a  dark,  heavy  loaf  with  the 
following  average  composition;  water  50.7,  protein  11.9,  fat  0.6,  nitro¬ 
gen-free  extract  35.9,  fiber  1.2,  and  ash  0.9  per  cent  (Atwater  and 

Bryant). 

*  Ann.  chim.  appl.  1928,  18,  47. 

2  Cereal  Chem.  1929,  6,  128. 

2  Compt.  rend.  1920,  171,  190. 

M.  Biol.  Chem.  1919,  38,  191. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

6U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1900,  Bui.  28  rev. 
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Ilordeum  sativum.  Jess.  var.  distichmi  (L.)  Hackel  -  H .  distichon  L. 

Fr.  Orge  a  deux  rangs.  Sp.  Cebada  ladilla.  It  .  Orzo.  Ger.  Zweizeilige 

Gerste. 


A  wild  form  of  barley,  known  as  H.  sponteneum  Koch.,  found  growing 
in  various  parts  of  western  Asia,  appears  to  be  the  parent  from  which  all 
the  cultivated  types  of  barley  have  been  derived  whether  through  evolu¬ 
tion  or  cultivation.  The  varieties  of  two-rowed  barleys  now  grown,  if 
not  the  same  species  as  the  wild  form,  are  at  least  closely  allied.  This 
type  was  cultivated  by  the  lake  dwellers  although  not  to  the  same  extent 
as  six-rowed  varieties.  There  is  no  evidence  that  it  was  grown  in  Egypt, 
where  specimens  of  six-rowed  barley  have  been  found  in  the  oldest 
tombs. 

In  central  and  northern  Europe,  also  in  certain  regions  of  the  United 
States,  two-rowed  barley  is  the  type  most  commonly  cultivated,  being 
well  adapted  for  malting. 

MACROSCOPIC  STRUCTURE. — The  one-flowered  spikelets  of  all 
types  of  barley  are  in  fan-like  groups  of  three,  alternating  on  opposite 
sides  of  the  jointed  zigzag  rachis.  In  the  two-rowed  type  only  the 
middle  spikelet  is  fertile.  Each  spikelet  has  two  slender  or  awl-like 
glumes,  both  on  the  side  away  from  the  rachis.  According  to  Hoch- 
steter,^  these  are  parts  of  a  single  empty  glume  formed  by  splitting,  the 
other  belonging  on  the  opposite  side  being  entirely  lacking.  Both 
empty  glumes  are  left  on  the  head  on  threshing,  the  grain  of  the  common 


or  chaffy  varieties,  as  it  enters  commerce,  consisting  of  the  kernel  closely 
enveloped  by  ihe  flowering  glume  and  palet. 

Naked  varieties,  analogous  to  wheat  and  rye,  differ  from  the  chaffy 
varieties  in  that  the  flowering  glume  and  palet  remain  on  the  rachis  on 
threshing,  the  grain  being  easily  detached. 

Contrary  to  the  statement  of  Tschirch  and  Oesterle,^  both  the 
flowering  glume  and  palet  of  all  the  chaffy  varieties  examined  by  us, 
including  some  of  the  best  known,  such  as  Chevalier,  Hanna,  and  Orel 
are  grown  to  the  pericarp  and  not  as  in  spelt  and  oats  merelv  tightly 
held  without  being  adherent,  although  this  does  not  preclude  the  exist- 
ence  of  varieties  intermediate  between  the  chaffy  and  the  naked  types  in 
which  the  gram  is  merely  held  and  not  grown  to  the  chaff 

snindt\t™'!i  the  chaff,  is  strongly 

pmdle-shaped  and  ordinarily  of  a  buff  color.  The  flowering  glume  is 

^  Flora  1848. 

2  Anatomischer  Atlas.  Leipzig,  1900,  p.  177. 
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fivc-ribbcd,  the  central  rib  of  the  bearded  varieties,  as  harvested,  being 
extended  as  a  long  awn  which  afterwards  breaks  off  on  threshing.  The 
palet,  closely  clasped  by  the  edges  of  the  flowering  glume,  is  two-keeled. 
On  the  palet  side  over  the  groove  is  the  rudiment  of  the  stem  (rachilla) 
of  an  abortive  flower  forming  a  bristle  about  one-third  the  length  of  the 
kernel.  Within  the  flowering  glume  are  two  minute  lodicules,  downy 
with  long  hairs. 


The  embryo,  as  in  wheat  and  rye,  is  on  the  dorsal  side  extending  about 
one-third  of  the  distance  to  the  apex;  the  groove  is  beneath  the  palet. 
Although  the  general  structure  of  the  embryo  is  the  same  as  of  wheat, 
the  number  of  secondary  radicles  is 
greater.  According  to  Harz,’  who 
refers  to  earlier  investigators,  there 
are  four  to  nine.  Unlike  that  of 


Fig.  102.  ‘  Fig.  103. 

Fig.  102. — Barley.  I  dorsal  side  showing  three  ribs  of  flowering  glume.  II  ventral 
side  showing  edges  of  flowering  glume  clasping  palet,  also  bristle  at  lower  end  of 
palet  groove.  Ill  lodicules  from  base  within  flowering  glume.  X2.  (A.L.\^^) 

Fig.  103. — Barley.  Kernel  and  chaff  in  cross  section.  FG  flowering  glume,  with 
five  ribs,  clasping  P  palet  with  two  keels;  F  (gray)  pericarp;  S  (black  line)  spermo- 
derm  broadening  into  pig  pigment  strand;  Jv  fibro-vascular  bundle  of  raphe;  N 
(white)  perisperm  broadening  into  pr  perisperm  strand  extending  into  center  of 
kernel;  a/ aleurone  layer;  am  starch  cells.  X15.  (A.L.W.) 


wheat,  the  groove  proper,  even  after  removal  of  the  chaff,  is  broad  and 
shallow.  Figure  103  shows  the  extension  of  the  perisperm  and  aleurone 
cells  into  the  center  of  the  starchy  endosperm.  This  at  first  sight  might 
seem  to  be  a  narrow  groove,  as  in  wheat,  but  it  will  be  noted  that  it  is 
beneath  the  groove  proper  and  corresponds  to  the  two  bends  m  the 
tissues  of  wheat  located  both  sides  of  the  arms  of  the  Y. 

MICROSCOPIC  STRUCTURE. — Disregarding  the  empty  glumes 
and  the  awns  which  are  eliminated  in  threshing  and  winnowing,  the  parts 
to  be  studied  are  (1)  the  chaff,  consisting  of  bristle,  flowering  glume,  palet, 
and  lodicules  and  (2)  the  kernel  or  caryopsis,  consisting  of  pericarp, 
spermoderm,  perisperm,  endosperm,  and  embryo. 

1  Samenkunde,  1885. 
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Naked  barleys  differ  from  the  chaffy  varieties  in  their  histology 
chiefly  as  regards  the  epicarp  and  hypoderm,  which  are  more  robust  and, 
as  seen  in  cross  section,  not  collapsed,  the  hypoderm  forming  often 
several  distinct  layers. 

Cross  sections  are  cut  through  the  whole  kernel  without  removing  the 
flowering  glume  and  palet;  surface  preparations  are  secuied  by  scraping. 

Bristle  or  Rachilla  (Figs.  104  and  105).— Whatever  traces  of  an  abor¬ 
tive  flower  may  have  been  present  at  earlier  stages  of  development,  the 

bristle  at  maturity  shows  no  evidence 
of  such.  Its  epidermal  cells  and 
stiff  hav's  are  striking. 

The  epidermal  cells  (Fig.  104), 
like  those  of  the  outer  epiderm  of  the 
flowering  glume  and  palet,  consist 
of  thick,  wavy-walled,  elongated 
cells;  twin  cells,  one  crescent-shaped, 
the  other  round;  and  round  cells. 


Fig-  104.  Fig.  105. 

Fig.  104. — Barley.  Tip  of  bristle  showing  epiderm  and  stiff  hairs 
(A.L.W.) 

Fig.  105.— Barley.  Hairs  of  various  types  on  bristle  below  apex. 
(A.L.W.) 


X160. 

X160. 


Ihe  hairs  (Fig.  104)  at  the  apex  of  the  bristle,  compared  with  those 
on  other  parts  of  the  grain,  are  remarkably  robust,  the  breadth  at  the 
base  reaching  over  60  n  and  the  'thickness  of  the  walls  10  fi;  the 
length  varies  up  to  1  mm.  or  more.  Other  characters  are  the  riither- 
unt  points  and  the  globular  bases  with  pitted  walls.  Below  the  apex 
the  hairs  fFig.  105)  are  smaller  but  still  of  sturdy  build.  They  are 
remarkable  for  their  curious  unicellular,  jointed,  and  branching  forms 
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Flowering  Glume  (Fig.  lOo,  G;  Fig.  107). — Except  at  the  apex  and 
on  the  edges  there  are  four  layers;  (1)  outer  cpiderrn  (acp,  aep^),  consist-  ' 

ing  of  elongated,  wavy- 
walled  cells  with  twin 
cells,  one  crescent-shaped, 
the  other  oval,  and  round 
cells;  (2)  sclerenchyma 
fibers  if,  f\  /“)  with 
both  thick  and  thin  walls 
and  both  round  and  di¬ 
agonal  pores;  (3)  spongy 
porenehyma  (p)  of  char¬ 
acteristic  irregularly 
square  or  quadrilateral 
cells  through  which  run 
the  fibro-vaseular  bundles 
(fv)  of  the  ribs;  and  (4) 
inner  epiderm  {iep)  with 
large  more  or  less  polyg¬ 
onal  cells,  awl-shaped 
hairs,  and  stomata. 

Aloeller^  and  Emmer- 
ling  “  call  special  atten¬ 
tion  to  the  spongy  parenchyma  with  the  characteristic  square  or  quad- 


Fio.  100. — Barley.  Kernel  and  chaff  in  median  doraal 
croRB  section.  G  floweritiK  Klume:  acp  outer  epiderm  with 
w  cuticular  warts,  /  fiber  layer,  p  sponny  parenchyma  with 
fv  fibro-vuscular  bundle  of  nerve,  iep  inner  epiderm.  F  peri¬ 
carp:  eh  epicarp  and  hypoderm,  tr  cross  cells,  iu  tube  cells. 
•S  spermoderm.  N  perisperm.  E  endosperm: 
cells,  am  starch  cells.  X  100.  (A.L.VV.) 


al  aleurone 


1 


i()7_H.i,loy.  Elements  of  flowering  gliirnp  in  surface  view,  acp'  ouicr 

epi<lcrm  at  ihi,,  margin  midway  boiweon  l,asa  a„d  tip  ."tter  qadjMm  at  t.,a 

Tis.suea  over  middle  of  dorad  side  of  Kfam:  arj,‘  outer  epidenii,  /  I lmk-«. 
fibers;  f‘  Ihin-wtdled  fiber;  Jv  fibro-vaseular  bundle;  p  siwnny  parcnchjma,  P 

inner  epiderm.  X  H)0.  (A.L.W.) 

>  Mikroskoitie  der  NahruiiKS-  und  Genussmittcl.  lierlin,  2  Aufl.  1905,  p.  200.  j 
2  Landw.  Vers.-Stat.  1898,  60,  1. 
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rilateral  cells  as  these  are  quite  different  from  the 
hide-shaped  cells  of  the  corresponding  layer  of  oats. 

The  epidermal  cells  on  both  the  outer  and  the 
inner  surface  are  of  the  general  structure  found  in 
the  chaff  of  the  chaffy  wheats,  oats,  and  some  other 
1  grasses.  Stomata,  abundant  on  oat  glumes,  are, 

I  however,  lacking.  Tschirch  and  Oesterle  state  that 
;  stomata  are  absent  on  the  outer  epiderm  of  both 
I  flowering  glume  and  palet,  and  our  examination 
of  numerous  samples  confirms  this;  Vogl,  however, 
mot  only  describes  stomata  but  pictures  them. 
Quite  possibly  a  modified  form  may  occur,  but 
the  practical  distinction  between  barley  and  oats 
in  this  regard  still  holds.  At  the  edge  of  the 
I  flowering  glume  the  wavy-walled  elongated  cells 
with  twin  and  round  cells  pass  into  straight-walled 
elongated  cells  (aep^)  and  at  the  tip  into  a  tissue 
with  short  cells  and  short  thick-walled  hairs  (aep^). 

The  sclerenchyma  fibers  and  the  spongy  paren¬ 
chyma  are  lacking  on  the  thin  edges. 

Palet. — This  has  the  same  general  structure  as 
the  flowering  glume.  Rows  of  hairs  such  as  form 
a  saw  edge  on  the  keels  of  oat  palet  are  absent. 

Lodicules  (Fig.  108). — The  cells  of  the  epiderm 
are  thin- walled  and  characterless.  The  hairs  that 
spring  from  among  them  are  remarkable  for  their 
variety.  The  longest  range  up  to  1300  /x  or  more 
and  have  thin  walls,  the  lumen  being  several  times 
their  thickness.  Some  hairs  not  quite  so  long  have 
thick  walls  and  lumen  with  constrictions.  Some  of 
the  medium  sized  thin-walled  hairs  have  branches. 
Short  forms  with  thick  and  thin  walls,  with  and 
without  branches,  occur  in  considerable  numbers. 

Pericarp  (Figs.  106,  F;  Fig.  109). — Cross  sections 
give  a  rather  vague  idea  of  the  layers  since  the 
inner  epiderm  of  the  chaff  and  that  of  the  epicarp 
are  not  only  united  but  the  cells  are  more  or  less 
compressed,  as  are  also  those  of  the  hypoderm. 
Surface  preparations,  obtained  by  scraping,  are 
more  instructive,  all  the  layers  but  the  spermoderm 
and  perisperm  being  easily  differentiated  without 
special  treatment. 


Fig.  108. — Barley.  Tip 
of  lodicule  with  hairs. 
X  160.  (A.L.W.) 
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The  layers  consist  of  (1)  epicarp  of  elongated,  polygonal,  rather  indis-  * 
tinctly  beaded  cells  (epP),  passing  at  the  apex  into  non-beaded  cells 
(epd)  forming  rosettes  about  the  hairs  (d  and  /“);  (2)  hypoderm  (hy)  of 
similar  cells  forming  two  or  more  layers;  (3)  double  cross-cell  layer  (tr) 
of  transversely  elongated,  isodiametric,  non-beaded  cells,  side  by  side 
in  rows;  and  (4)  detached  tube  cells  (tu)  forming  the  endocarp. 

Most  of  the  hairs  resemble  wheat  hairs  with  lumen  narrower  than  the 
walls  and  ranging  up  to  300  /i  in  length;  some,  however,  resemble  rye 
hairs,  the  lumen  being  broader  than  the  walls.  Hairs  of  the  thin-walled 
tyix'  up  to  over  650  ju  may  be  found. 

The  cross  cells  are  characteristic  because  they  are  not  beaded  or  so 
indistinctly  beaded  as  to  recpiire  treatment  with  sodium  hydroxide  to 


Fio.  too. — Barley.  Bran  coats  in  surface  view,  epi^  epicarp  at  apex  of  kernel  ; 
with  /'  and  t-  hairs.  Layers  on  middle  of  dorsal  side:  epicarp;  hy  hypoderm;> 

tr  double  layer  of  cross  cells;  iu  tube  cells;  S  spermoderm;  N  perisperm;  d/ 
aleurone  cells  of  endosperm.  XlOO.  (A.L.W  .) 


bring  out  this  character;  furthermore,  they  are  in  two  layers  over  the 
greater  part  of  the  kernel.  Intercellular  spaces  occur  sparingly  between 

the  end  walls,  especially  in  the  outer  layer. 

Spermoderm  (Figs.  106  and  109,  .S).— In  cross  section  the  spermoderm 
appears  as  a  colorless  line;  in  surface  view  it  is  best  ditferentiated  by 
Moeller’s  method  as  follows:  Soak  a  whole  grain  in  water,  remove  t  c 
chaff  and  outer  bran  coats  by  scraping,  boil  the  kernel  thus  partia  y 
<lccorticiitPcl  will.  1  por  cent  sodium  liydroxidc  for  a  few  minutes,  . 
scrape  again,  and  mount  tlio  scrapings  m  chlorzmc  iodine.  ^ 

nioderm  stains  yellow,  the  perisperm  blue,  and  both  show  the  cc 

Thus  obtained,  the  siiermoderm  is  seen  to  form  one  layer  of  elongated 
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cells  with  delicate  walls,  arranged  in  various  ways,  sometimes  in  short 


rows  side  by  side. 

Statements  by  various  authors  that  two  spermoderm  layers  are 
present  appear  to  be  due  to  mistaking  the  perisperm  for  a  spermoderm 


Perisperm  (Figs.  106  and  109,  N’). — Obtained  as  described  in  the  fore¬ 
going  section,  the  cells  are  seen  to  be  broader,  shorter,  and  thicker-walled 
than  the  spermoderm  cells.  The  walls  are  also  more  or  less  wavy. 
Without  treatment  the  cells  are  not  so  clearly  seen  in  surface  view.  In 
cross  section  the  layer  is  distinguished  from  the  spermoderm  by  its 
greater  breadth,  evident  radial  walls,  and  narrow  lumen. 

Endosperm  (Figs.  106  E]  109). — The  aleurone  cells  {ol)  differ  from 
those  of  all  other  cereals  in  that  they  are  two  to  four  cells  deep.  Although 
this  is  a  character  best  seen  in  cross  section,  it  often  happens  that  frag¬ 
ments  of  surface  or  powder  mounts  show  this  distinction. 

The  cells  are  also  smaller  than  in  wheat  or  rye,  the  average  diameter 
being  usually  not  much  more  than  half  that  of  wheat  aleurone  cells. 
Although  the  contents  are  usually  pale  yellow,  in  some  varieties, 
according  to  Kornicke  and  Werner^  and  Benecke,^  they  may  be 
blue. 

The  starch  cells  (am)  contain  starch  grains  smaller  than  those  of  wheat 
and  still  more  noticeably  smaller  than  those  of  rye,  both  of  which  they 
otherwise  resemble.  The  largest  grains  seldom  exceed  30  ju. 

Embryo. — In  microscopic  as  well  as  macroscopic  structure  the 
embryo  is  much  like  the  wheat  embryo.  It  may  be  studied  in  median 
longitudinal  sections  and  cross  sections  beginning  at  the  very  base  of 
the  kernel,  the  latter  being  useful,  if  for  no  other  reason,  in  determining 
the  number  of  secondary  radicles. 

Chief  Structural  Characters. — Grain  chaffy  or  naked,  spindle- 
shaped,  ribbed.  Groove  broad  and  shallow. 

Outer  epiderm  of  glume  and  palet  without  stomata  and  stiff  hairs 
(both  present  in  oats)  but  rachilla  with  stiff  hairs  and  lodicules  with  soft 
hairs  (both  absent  in  oats).  Spongy  parenchyma  rectangular  (hide¬ 
shaped  in  oats).  Cross  cells  without  distinct  beads,  forming  a  double 
layer,  and  aleurone  cells  two  to  four  cells  thick  (distinction  from  other 
common  cereals).  Starch  grains  lenticular,  seldom  over  30  ju. 

MICROSCOPY  OF  BARLEY  PRODUCTS.— Whole  Barley  is  used 
for  human  food  only  in  the  roasted  form  as  a  coffee  substitute.  The 
characters,  although  altered  by  roasting,  usually  are  sufficiently  pre¬ 
served  to  show  their  identity. 


^  Handbuch  des  Getreidebaues.  Berlin,  1885. 
2  Landw.  Vers.-Stat.  1889,  36,  337. 
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Malt  is  sprouted  and  steamed  whole  barley  from  which  the  radicle 
has  been  removed.  L:xcept  for  the  starch  j^rains  and  radicles  all  the 
orijjjinal  elements  are  present. 

Malt  Sprouts,  removed  in  the  preparation  of  malt,  are  characterized 
by  the  root  hairs  on  the  epiderm.  These  are  not  like  ordinary  hairs  but 
are  long  papillae  formed  on  the  cells  without  cell  division.  They  may 
be  compared  to  nails,  the  sprout  being  the  shank  and  the  cell  proper  the 
head. 

Flour  prepared  from  barley,  although  wholesome  and  popular  in 
certain  remote  regions,  is  little  used  in  times  of  peace  by  the  multitude. 
Lenticular  starch  grains  up  to  30  /x,  fragments  of  the  double  cross-cell 
layer  and  aleurone  layer,  and  hairs  are  the  chief  elements. 

Grits  and  Pearl  Barley  differ  little  from  flour  in  their  constituents. 
The  shallow  groove  favors  decortication. 

Brewers’  and  Distillers’  Grains  contain  all  the  elements  of  barley 

except  the  starch  grains  and  the  radicle  of  the  germ,  together  with  the 

$ 

cellular  elements  of  such  other  cereals  as  may  have  been  used. 

Maize  is  recognized  chiefly  by  the  elongated  beaded  cells  of  the  thick 
epicarp  and  hypoderm,  rice  by  the  wavy-walled  transversely  elongated 
epicarp  cells,  rye  by  the  cross  cells  with  indistinctly  beaded  and  swollen 
end  walls,  and  wheat  by  the  cross  cells  with  distinct  beads  and  thin  end 
walls.  The  chaff  of  oats  is  distinguished  by  the  hide-shaped  spongy 
parenchyma  cells;  the  grain  proper,  by  the  long  slim  hairs  narrowed  at 
the  base. 

CHEMICAL  COMPOSITION. — The  purposes  for  which  barley  is 
gpown — namely,  for  the  fermentation  industries  and  for  animal  feeding 
whether  directly  or  in  the  form  of  brewery  and  distillery  residues — have 
led  to  lines  of  investigation  other  than  those  followed  for  the  bread  cereals, 

i 

wheat  and  rye. 

Early  analyses  of  American  barley  include  2  made  in  the  United 
States  Department  of  Agriculture  ‘  and  8  reported  in  the  Census  of  1880,^ 
showing  a  range  of  8.59  to  15.73  per  cent  of  protein.  In  1893,  32  analyses 
were  made  of  barley  e.xhibi ted  at  the  World’s  Lair,  Chicago,^  but  it  was 
not  until  ten  years  later  that  extensive  investigations  were  undertaken, 
one  by  Chamberlain^  to  determine  the  feeding  value  and  one  by  Le  Clerc 
and  WahU  under  an  appropriation  of  Congress  with  the  view  of  improv¬ 
ing  the  quality,  particularly  for  malting. 


iRep.  1878,  p.  148. 

23,  421. 

3  U.  S.  Dopt.  Agr.,  Bur.  Chem.  Bui.  46,  p.  14. 

*  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bui.  120. 
3  Ibid.  1909,  Bui.  124. 
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The  average  of  Chamberlain’s  analyses  and  the  32  World’s  Fair 
samples  are  tabulated  below: 


Composition  or  American  and  Foreign  Barley  (Chamberlain  et  al.) 

(Results  on  dry  basis) 


Samples 

Water  in 
in  air-dry 
samples 

Protein 

(NX 

6.25) 

Fat 

N-f.ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

United  States  and  Canada 
(1893); 

32 

10.80 

11.98 

2.39 

78.35 

4.54 

2.74 

Foreign  (1906): 

A  \Ti^r  . 

8 

9.38 

12.62 

2.06 

78.03 

4.63 

2.81 

United  States  (1906): 

TVT  in  . 

123 

8.14 

8.31 

0.37 

70.48 

3.94 

2.33 

AT  n  Y  . 

13.28 

19.94 

2.51 

82.13 

8.99 

3.63 

j4.ver  . 

9.32 

13.39 

1.87 

76.05 

5.64 

3.04 

Hull-less  (1906): 

j\ver  . 

5 

9.07 

16.09 

1.90 

77.01 

2.64 

2  36 

Accepting  the  above  figures  as  representative,  the  average  protein 
content  of  American  barley  increased  nearly  1.5  per  cent  from  1893  to 
1906,  outstripping  that  of  foreign  barley.  This  improvement  is  ex¬ 
plained  by  Chamberlain  as  due  to  the  effort  to  secure  a  high  protein  con¬ 
tent  whether  in  the  feeding  class,  to  which  the  barleys  of  his  investiga¬ 
tion  strictly  belong,  or  in  brewery  barleys,  whereas  in  Europe  the  aim  is 
to  increase  the  starch  at  the  expense  of  protein. 

The  table  below  shows  the  average  amounts  of  the  organic  constitu¬ 
ents  obtained  in  the  Bureau  of  Chemistry  in  the  barleys  of  Le  Clerc 
and  Wahl’s  report.  Certain  other  physical  data  obtained  in  Wahl’s 
laboratory,  of  interest  chiefly  to  the  fermentation  industries,  are  given 
in  the  bulletin.  A  summary  of  determinations  of  ash  and  of  some 
of  the  inorganic  constituents  is  given  under  the  head  of  Mineral 
Contsituents. 

It  may  seem  at  a  glance  that  these  brewing  barleys  are  not  of  such 
high  protein  content  as  those  considered  in  Chamberlain’s  bulletin. 
The  Bay  Brewing  and  Utah  Winter  barleys  are  particularly  low  in  pro¬ 
tein  and  high  in  starch. 

Le  Clerc  and  Wahl  also  report  average  analyses  of  barleys  in  terms 
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Average  of  Organic  Constituents  of  American  Barley  (Le  Clerc  and  Wahl) 

(Results  on  dry  basis) 


' 

Sam¬ 

ples 

Water 

in 

air-dry 

sample 

Total 

protein 

Soluble 

protein 

Soluble 

noncoaK- 

ulable 

protein 

Soluble 

coag- 

ulable 

protein 

Fat 

Lecithans 

as 

lecithin  * 

Starch 

Pento¬ 

sans 

Fiber 

Six-rowed: 

% 

% 

% 

% 

% 

% 

% 

% 

/o 

% 

Ordinary  t .  •  . 

SI 

S.71 

11.86 

2.22 

1.46 

0.65 

2.02 

0.52 

58.87 

9.64 

5.71 

Bay  Hrewinj?. 

is 

8 .  .39 

10.73 

1.67 

1.35 

0.45 

2.03 

o’ 

58.32 

9.82 

6.58 

Utah  Winter. 
T  wo-rowed : 

9 

8.46 

9.96 

1.83 

1.39 

0.44 

1.98 

0.53 

59.86 

8.96 

5.79 

Ordinary . 

18 

8.92 

11.64 

2.05 

1.53 

0.61 

2.01 

0.52 

59.08 

8.41 

5.23 

Hull-less.  .  .  . 

1 

8.73 

12.06 

2.27 

1.76 

0.51 

2.17 

0.57 

65.47 

8.38 

5.62 

*  Phosphorus  soluble  in  alcohol  and  ether X  11.37. 
t  Oderbrucker  and  Manchurian. 


of  hulls,  bran,  embryo,  and  endosperm,  as  determined  by  dissections 
carried  out  by  Young: 


Samples 

Hulls 

Bran 

Embryo 

Endosperm 

% 

% 

% 

% 

Six-rowed : 

Ordinary . 

84 

12.06 

11.69 

2.44 

72.69 

Bay  Brewing . 

18 

14.38 

11.08 

2.44 

70.20 

l^tah  Winter . 

9 

12.89 

10.87 

1.95 

72.80 

Two-rowed: 

Ordinary . 

18 

10.39 

12.31 

2.51 

72.58 

TTiill-lp«.<}  . 

1 

18.23 

2.90 

79.39 

Mealy  and  Horny  Barley— The  texture  of  the  grain  has  been  regarded 
as  a  rough  guide  to  composition,  but  Just  and  Heine  ^  have  shown  that 
although  it  is  true  that  the  horny  grains  of  the  same  variety  are  as  a  rule 
higher  in  protein  than  the  mealy,  it  is  not  true  that  all  horny  varieties 
are  protein-rich  and  all  mealy  varieties  are  the  reverse. 

This  may  be  readily  understood  if  the  nature  of  the  cell  contents  is 
considered.  The  cementing  material,  forming  the  matrix  for  the  starch, 
consists  largely  of  proteins.  When  this  is  present  to  such  an  extent  that 
the  protein-starch  complex  completely  fills  the  cells,  the  appearance  will 
be  horny  regardless  of  the  ratio  of  protein  to  starch.  Hence  a  horny 
kernel  will  have  a  high  protein  content  if  the  starch  content  is  low,  but 
a  relatively  low  protein  content  if  the  starch  content  is  high.  The  same 

•  T.andw.  Vers.-Stat.  1889,  36,  269. 
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may  be  said  of  a  mealy  grain,  the  difference  being  that  in  this  case  more 
or  less  air  is  present  in  the  cell. 

High  and  Low  Protein  Barley— Whether  or  not  associated  with  a 
horny  condition,  high-protein  barley  is  highly  valued  for  feeding,  but 
opinions  differ  as  to  its  suitability  for  malting. 

Formerly  only  a  low  protein  content  was  considered  favorable  for 
brewing,  but  in  the  United  States  and  to  some  extent  in  Europe  a  rea¬ 
sonably  high  protein  content  is  not  now  regarded  as  detrimental  and 
may  be  advantageous.  High-protein  barley  is  well  adapted  for  dis¬ 
tillers’  malt. 

An  excellent  review  of  the  literature  on  this  subject  and  much  infor¬ 
mation  based  on  their  own  experiments  are  given  in  Le  Clerc  and  Wahl’s 
Chemical  Studies  of  American  Barley  and  Malts. ^ 

Changes  in  Composition  during  Storage. — According  to  Takahashi 
and  Shirahama,^  hordein  and  glutelin,  especially  the  former,  increase 
during  storage  at  the  expense  of  water-soluble  compounds  or  insoluble 
proteins. 

Pearl  Barley  and  Barley  Flour. — The  composition  of  these  products 
is  shown  by  the  following  figures  taken  from  Atwater  and  Bryant’s 
Compilation :  ^ 


Composition  of  Pearl  Barley  and  Barley  Flour 


Samples 

Pearl  barley: 
Min . 

3 

Max . 

Aver . 

Barley  flour: 
Min . 

3 

Max . 

Aver . 

Water 

Protein 

Fat 

% 

% 

% 

9.8 

7.0 

0.7 

12.9 

10.1 

1.5 

11  6 

8.5 

1.1 

9.9 

9.0 

1.5 

13.6 

12.7 

3.2 

11  9 

10  5 

2  2 

*  Includes  fiber. 

t  1  sample. 


N-f.  ext.  * 

Fiber 

Ash 

% 

% 

% 

77.3 

0.3t 

0.6 

78.1 

0.3t 

1.6 

77.8 

0  3t 

1.1 

70.4 

5.9 

1.6 

74.5 

7  0 

3.8 

72  8 

6  5 

2  6 

Proteins.— Kreusler, 4  following  Ritthausen’s  general  system,  classi- 

es  e  of  the  barley  kernel  as  gluten-casein,  gluten-fibrin 

mucedin,  and  albumin.  ^ 

.  ‘  U.  S.  Dept.  Agr.,  Bur.  Chem.  1909,  Bui.  124. 

^  Bui.  Affr.  Chem.  Soc.  Japan  1928,  4,  55. 

<  Ri.fh  28,  rev. 

Kitthausen:  Die  Eiweisskorper,  etc.,  p.  104. 
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Osborne^  adopted  a  different  nomenclature  consistent  with  that  of 
the  wheat  proteins  as  follows:  (1)  protein  insoluble  in  water,  salt  solution, 
and  alcohol,  but  soluble  in  dilute  alkali  and  acid,  (2)  hordein,  soluble  iri 
75  per  cent  alcohol,  the  mucedin  of  Ritthausen  and  Kreusler,  (3)  edestin 
(globulin),  soluble  in  salt  solution,  (4)  leucosin  (albumin),  and  (5) 
proteose.  'He  was  unable  to  sei)arate  the  “  insoluble  protein,”  that  is 
insoluble  in  salt  solution  but  soluble  in  dilute  alkali,  since  known  as 
glutelin,  in  a  state  of  purity.  The  percentages  of  the  different  proteins 
in  the  barley  kernel  containing  1.83  per  cent  of  total  nitrogen  and  10.75 
per  cent  of  total  protein  (calculated  on  the  basis  of  17  per  cent  of  nitro¬ 
gen)  as  estimated  by  Osborne  follow: 


1.  Leucosin  (soluble  in  water) .  0.30 

2.  Edestin  (soluble  in  salt  solution)  and  proteose .  1.95 

3.  Hordein  (soluble  in  alcohol) .  4.00 

4.  “  Insoluble  protein ”  by  difference .  4.50 


10.75 

The  only  results  available  on  the  specific  rotation  of  hordein  are  those 
of  Lindet  and  Ammann,-  who  consider  that  this  protein  is  made  up  of 
two  proteins  with  different  rotatory  power.  Their  results,  not  being 
comparable  with  those  of  other  workers  on  other  gliadins,  are  not  here 
given. 

Two  glutelins,  a  and  jS,  have  been  shown  by  Csonka  and  Jones  ^ 
to  be  present  in  the  barley  kernel,  a-glutelin  is  precipitated  from  a  0.2 
per  cent  sodium  hydroxide  solution  on  addition  of  ammonium  sulphate 
to  1  to  2  per  cent  saturation;  /3-glutelin,  on  subsequent  addition  to  18 
per  cent  saturation.  The  isoelectric  point  of  a-glutelin  is  (pH)  6.4; 
its  specific  rotation  at  20°  as  found  by  Csonka,  Horn,  and  Jones  is 
-111.1. 

Proteins  of  Naked  Barley.— Tha  alcohol-soluble  proteins  of  naked 
barley  have  been  shown  by  Takahashi  and  Shirahama  ^  to  contain  two 
fractions,  one  soluble  and  the  other  insoluble  in  absolute  alcohol.  The 
former  was  constant  in  composition  during  two  seasons,  the  latter 

was  not. 

Ultimate  Composition  of  Barley  Proteins.— analyses  bring 
out  the  correspondence  of  the  albumin  (leucosin)  and  globulin  (edestin) 
of  wheat  and  barley,  also  the  lack  of  corresponderico  of  hordein  with 

*  ,1.  Am.  Chem.  Soc.  1895,  17,  539. 

2  Bui.  soc.  chim.  1907,  1,  968. 

3  .J.  Biol.  Chem.  1929,  82,  17. 

4  Ibid.  1930,  89,  267. 

5  J.  Fac.  A^r.  Hokkaido  Imp.  Univ.  1927,  21,  43. 
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the  gliadin  of  wheat,  the  carbon  content  being  somewhat  higher  in  the 
former.  In  view  of  the  similarity  of  hordein  with  both  wheat  and  rj^e 
gliadin  in  some  other  respects,  it  seems  possible  that  further  investiga¬ 
tion  may  explain  the  discrepancy  in  the  carbon  content. 


Ultimate  Composition  of  Barley  Proteins  (Osborne) 


Leucosin 

Edestin 

Hordein 

Carbon . 

Hydrogen . 

Nitrogen . 

Sulphur . 

O.xygen . 

% 

52.81 

6.78 

16.62 

1.47 

22.32 

% 

50.88 

6.65 

18.10 

24.37  * 

% 

54.29 

6.80 

17.21 

0.83 

20.87 

100.00 

100.00 

100.00 

*  Includes  Sulpeur. 


The  ultimate  composition  of  a-glutelin,  calculated  free  of  water  and 
0.41  per  cent  of  ash,  as  found  by  Csonka,  and  Jones  ^  follows; 


Carbon .  54  31 

Hydrogen .  5  94 

Nitrogen .  15 

Sulphur .  2  21 

C>xygen .  21.38 


100.00 


Amtno  Acids  of  Barley  Profcms.-Hordein,  the  gliadin  or  prolamine 
of  barley,  was  the  only  protein  isolated  by  Osiiorne  in  sufficient  amount 
and  of  sufficient  purity  to  warrant  a  study  of  its  cleavage  products 
Both  Klemschmitt^  and  Osborne  and  Clapp^  have  subjected  hordein 
to  hydrolysis  and  determined  the  kind  and  appro.ximate  amount  of  the 
ammo  acids  thus  liberated  with  on  the  whole  remarkably  agreeino-  results 
considering  the  difficulties  involved,  except  that  the 'former  olbtained 
nearly  8  per  cent  more  proline  than  the  latter.  In  both  instances  how^ 


^  Loc.  cit. 

physiol.  Chem.  1907,  64,  110. 
*  Am.  J.  Physiol.  1907,  19,  117. 
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Johns  and  Finks  ^  who  have  employed  Van  Slyke’s  method  for  deter¬ 
mining  the  nitrogen  distribution,  found  arginine  2.88,  cystine  1.18, 
lysine  0.89,  and  histidine  2.27  per  cent. 

The  following  are  Kleinschmitt’s  percentages  with  Osborne  and 
Clapp’s  results  for  proline  and  Johns  and  Finks’  results  for  cystine, 
lysine,  and  histidine  substituted: 

% 


Glycoooll .  0.0 

Alanine .  1.4 

Valine . .  1.4 

Leucine .  7.0 

Serine .  0.1 

Cystine .  1.2 

Aspartic  acid .  1.3 

Cdutamic  acid .  41.3 

Tyrosine .  4.0 

Phenylalanine .  5.5 

Proline .  13.7 

Tryptophane .  + 

Arginine .  3.2 

Lysine .  0.9 

Histidine .  2.3 

Ammonia . . . .  4  4 

87..  7 


Osborne  regards  wheat  and  rye  gliadins  as  probably  identical  but 
hordein  as  a  distinct  individual.  Judging  from  the  hydrolysis  products, 
it  would  appear  that  the  distinction  of  hordein  from  wheat  gliadin  is 
not  greater  than  that  of  rye  gliadin  from  wheat  gliadin.  The  ultimate 
analyses  of  gliadin  and  hordein  show  appreciable  differences,  particularly 
in  the  carbon  content,  that  must  be  given  due  weight. 

Unfortunately  the  proteins  of  barley,  as  well  as  rye,  were  extracted 
from  the  ground  w'hole  kernels  and  not  from  carefully  separated  mor¬ 
phological  parts  as  was  found  desirable  in  Osborne’s  later  wheat  investi¬ 
gations. 

Jones,  Gersdorff,  and  Moeller  ^  obtained  in  2  preparations  of  barley 
hordein  the  following: 


Cystine 

Tryptophane 

% 

% 

I 

1 .55 

1.05 

II 

1.47 

0.44 

1 ,1.  Biol.  Chem.  1919,  38,  (53. 
M.  Biol.  Chem.  1924,  62,  183. 
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Cystine  and  basic  amino  acids  of  a-glutelin  were  present  in  the  o  - 
lowing  amounts,  as  determined  by  Csonka  and  Jones:  cystine  3.10, 

arginine  5.59,  lysine  2.88,  and  histidine  1.09  per  cent. 

Nitrogen  Distribution  of  a-Glulelin.  Csonka  and  Jones,  in  a  i  ion 
to  the  percentages  of  basic  amino  acids  given  above,  report  the  nitrogen 
distribution  by  Van  Slyke’s  method  with  the  following  results,  expressed 


as  percentages  of  the  total  nitrogen: 

% 

.  2. 

52 

.  2. 

24 

.  11, 

13 

.  3 

.41 

Histidine  N . 

.  1, 

,84 

Amino  acids  in  filtrate . 

.  52. 

,79 

Non-amino  acids  in  filtrate . 

.  9. 

,15 

Amide  N . 

.  16 

.09 

99.17 


Nitrogen  Distribution  in  Barley. — Applying  Van  Slyke’s  method  for 
the  determination  of  the  nitrogen  distribution,  Grindley  and  Slater  ^ 
and  Nollau^  obtained  respectively  the  following  percentages  which  in 
a  number  of  instances  are  far  from  concordant:  amide  nitrogen  15.16 
and  16.19;  humin  nitrogen  8.79  and  2.87;  cystine  nitrogen  1.26  and 
4.38;  arginine  nitrogen  9.46  and  8.65;  histidine  nitrogen  3.64  and  6.70; 
lysine  nitrogen  2.19  and  0.00;  mono-amino  nitrogen  45.81  and  44.16; 
non-amino  nitrogen  13.84  and  18.37;  total  nitrogen  100.15  and  101.32. 

Fat  (Ether  Extract).  Physical  and  Chemical  Values. — Stellwaag'* 
and  Wallerstein^  have  analyzed  the  ether  extract  of  barley  with  the  fol¬ 
lowing  results : 


Stellwaag 


Wallerstein 


Free  fatty  acids . 

Neutral  fat . 

Lecithin . 

Unsaponifiable  residue . 
Saponification  number . 

Iodine  number . 

Reichert-Meissl  number 


13.62% 

77.78% 

4.24% 

6.08% 

181.7 


8.39% 

83.85% 

3.06% 

4.70% 

182.1 

114.6 

0.031 


^  Loc.  cit. 

2  J.  Am.  Chem.  Soc.  1915,  37,  2762. 
U.  Biol.  Chem.  1915,  21,  611. 

Landw.  Vers.-Stat.  1890,  37,  135. 

®  Forschungsb.  1896,  3,  372. 
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Dietrich^  found  that  the  ether  extract  had  a  specific  gravity  of  0.9145 
(15.5°)  and  showed  a  butyrorefractometer  reading  of  65°.  The  iodine 
number  varied  between  106  and  107  and  the  percentage  of  lecithin 
was  3.2. 

Calculated  to  the  barley,  the  lecithin  found  by  Dietrich  in  the  ether 
extract  would  be  less  than  0.07  per  cent,  but  it  is  well  known  that  only  a 
part  is  extracted  from  the  grain  by  ether. 

Taufel  and  Rusch  “  have  determined  the  physical  and  chemical  values 
of  the  fat  of  barley  and  of  malt,  germ,  and  brewers’  grains  from  barley  as 
shown  herewith: 


Value.s  of  Fat  of  Barley  and  Products  (Taufel  and  Rusch) 


Sp.  gr. 
15‘’/4“ 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Heichert- 

Meissl 

No. 

Polenske 

No. 

Ester 

No. 

1  ■■  — 

Total 

fatty 

acids 

Acid 

No. 

Unsaponi- 

fiable 

matter 

% 

% 

Barley . 

0.9547 

188.4 

113.5 

0.87 

0.35 

159.4 

80.6 

29.0 

5.4 

0  9008 

176.6 

116.9 

148.7 

79.9 

27.9 

6.1 

. . 

0  9795 

141.5 

99.4 

72.9 

63.3 

68.6 

26.0 

oenn  ^ . 

Germ  t . 

0.9840 

145.3 

95.3 

3.98 

0.41 

57.2 

64.5 

88.1 

23.2 

Brewers’  grains. 

0.9659 

172.3 

104.9 

1.71 

0.32 

132.0 

79.6 

40.3 

7.7 

*  “  Putzereikeim.”  t  “  Sankeim.” 


The  last-named  authors  separated  the  solid  and  liquid  fatty  acids 
by  the  Twitched  method,  calculated  the  stearic  and  palmitic  acids 
from  the  neutralization  values  and  the  oleic  and  linolic  acids  from 


Composition  of  Fat  of  Barley  and  Products  (Taufel  and  Rusch) 


Stearic 

acid 

Palmitic 

acid 

Oleic 

acid 

Linolic 

acid 

Linolenic 

acid 

Unsaponi- 

fiable 

matter 

Rorlov  . 

% 

2.6 

% 

7.4 

% 

26.5 

% 

43.7 

% 

0.44 

0.82 

0.49 

0.48 

0.47 

% 

5.4 

6.1 

26.0 

23.2 

7  7 

5.1 

8.2 

16.4 

49.4 

frPrm  *  . 

9.6 

4.0 

18.1 

30.1 

9.0 

4.2 

25.3 

25.5 

43.8 

_ 

Brewers’  grains. . . . 

8.7 

7.6 

19.1 

*  “  Putzereikeim.”  t  "  Sankeim. 


1  Landw.  Vers.-Stat.  1901,  56,  207. 

*  Z.  Unters.  I^bensm.  1929,  67,  422. 
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the  iodine  numbers, 
method. 


,  and  determined  the  linolic  acid  by  the  hexabromide 


Carbohydrates. — 

wheat  and  rye  in  its 


s.— Barley  does  not  appear  to  differ  inatenally  fro 
1  its  carbohydrates.  It  contains  sucrose,  raffinose,  an 
itions  invert  sugar.  Owing  to  the  high  diastatm  power 
:  and  dextrose,  which  occur  sparingly  if  at  all  in  the  sound 
readily  formed  when  the  proper  conditions  of  moisture 


cent,  appear  to  be  araban  and  xylan.  The  galactoxylan  of  Lintner  and 

Diill  occurs  in  barley  as  well  as  wheat. 

Some  of  the  changes  in  malting  are  noted  under  Malt. 

Phosphorus-Organic  Compounds.  Lecithin.  A  direct  determina¬ 
tion  by  Dietrich,!  boiling  repeatedly  with  alcohol,  yielded  0.24  per  cent 
which,  calculated  to  the  dry  substance,  is  equivalent  to  0.29  per  cent. 
Schulze^  found  as  high  as  0.47  per  cent  calculated  to  the  dry  substance, 
and  Le  Clerc  and  Wahl,  as  shown  in  a  foregoing  table,  found  0.52  to 

0.57  per  cent. 

Phytin. — Determinations  in  two  varieties  of  air-dry  barley  by 
Averill  and  King^  yielded  1.07  and  1.19  per  cent  of  phytin  (C6H18O24P6). 

Freshly  prepared  barley  flour,  according  to  Minkovska,^  contains 
phosphoric  acid  in  the  following  forms  and  percentage  amounts:  inor¬ 
ganic  0.076,  phytic  0.59,  and  various  other  organic  combinations  0.20. 

Nucleic  Acid. — See  Wheat. 

Porphyrin. — Fischer  and  Schwerdtel  ^  obtained  porphyrin  from  barley 
as  well  as  other  cereals.  This  may  exist  in  the  grain  in  the  form  of  por- 
phyratin  as  claimed  by  Schumm  and  Mertens  (see  Oats). 

Enzymes.— See  'Enzymes  under  Chemical  Composition  of  Malt  and 
By-Products. 

Mineral  Constituents. — The  content  of  ash  and  some  of  the  ash  con¬ 
stituents  as  reported  by  Le  Clerc  and  Wahl,^  calculated  to  the  air-dry 
grain,  are  summarized  in  the  table  on  the  following  page. 

The  above  figures,  calculated  to  percentages  of  the  ash,  are  in  accord 
with  the  average  of  Wolff’s  complete  ash  analyses  as  follows:  potash 
20.92,  soda  2.39,  lime  2.64,  magnesia  8.83,  ferric  oxide  1.19,  phosphoric 
acid  35.10,  sulphuric  acid,  1.80,  chlorine  1.02,  and  silica  25.91. 

^  Loc.  cit. 

2  Landw.  Vers.-Stat.  1897,  49,  203. 

3  J.  Am.  Chem.  Soc.  1926,  48,  724. 

*  Bui.  acad.  Polonaise  1926,  B,  1007. 

®  Z.  physiol.  Chem.  1926,  169,  120. 

®  Loc.  cit. 
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Analyses  of  American  Barley  Ash  (Le  Clerc  and  Wahl) 


(Results  in  percentages  of  the  dry  grain) 


Samples 

K2O 

CaO 

MgO 

P2O6 

Total  S 

Ash 

% 

% 

% 

% 

% 

% 

Six-rowed : 

Ordinary . 

84 

0.70 

0.08 

0.22 

1.00 

0.182 

2.98 

Bay  Brewing . 

18 

0.70 

0.07 

0.23 

1.00 

0.154 

2.98 

Utah  Winter . 

9 

0.04 

0.09 

0.21 

0.93 

0.108 

2.87 

Two-rowed; 

Ordinary . 

18 

0.72 

0.08 

0.22 

1.05 

0,173 

2.88 

Hull-less . 

1 

0.00 

0.07 

0.19 

1.03 

0.159 

2.24 

Minor  Mineral  Constituents.  Iron— li&r\ey  40,  pearl  barley  12  mg.  per  kilo 
(Hiiusermann).^  Barley  flour  10  mg.  per  kilo  (Sherman).^ 

Aluminum —hurley  0.7  mg.  per  kilo,  dry  basis  (Bertrand  and  L6vy).2 
Manganese. — Four-rowed  barley  11.4  mg.  per  kilo,  dry  basis  (^^  ester).®  Barley 
8.33  mg.  per  kilo,  air  dry  basis  (Quartaroli);  *  12  to  20  mg.  per  kilo,  dry  basis 
(Davidson)®. 

Copper.— Barley  0.5  mg.  per  kilo,  air-dry  basis  (Guerithault); «  1.01  mg.  per  kilo 
(Quartaroli).'* 

Zinc.— Barley,  Chevalier,  Pacific  Coast  20.7,  barley  malt  11  mg.  per  kilo,  air-dry 
basis  (Birckner).^  Whole  seed  18  mg.  per  kilo,  air-dry  basis  (Bertrand  and  Benzon).* 


Ash  of  Awns.— The  highly  silicified  awns  of  barley  contain  a  large 
percentage  of  ash,  amounting,  according  to  Harlan  and  Pope,^  in  some 
cases  to  over  30  per  cent.  The  rachis  of  awnless  varieties  or  awned 
varieties  from  which  the  awn  has  been  removed  is  brittle  owing  to  diver- 

sion  of  ash  to  this  part. 

CHEMICAL  COMPOSITION  OF  MALT  AND  BY-PRODUCTS. 
Durins  the  steeping,  germinating,  ami  drying  stages  of  the  process  o. 
malting,  the  grain  loses  solid  matter  by  conversion  into  carbon  dioxide 
(respiration)  and  undergoes  marked  changes  in  the  carbohydrates,  pro¬ 
teins,  and  fats.  -According  to  Brovvne,‘“  the  enzyme  amylase,  acting  on 


^  Sherman’s  Comjiilation,  V. 


Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 


2  Compt.  rend.  1931,  192,  525. 

®  Biochem.  Z.  1921,  118,  158. 

*  Ann.  chirn.  apj)!.  1928,  18,  47. 


®  Cereal  Chem.  1929,  6,  128. 

®  Compt.  rend.  1920,  171,  190. 

7  J,  Biol.  Chem.  1919,  38,  191. 

»  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

9.J.  Agr.  Res.  1921,  22,  433. 

10  Handbook  of  Sugar  Analysis.  New  \  ork 


1912,  p.  084. 
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experiments  that  during  malting  the  sucrose  __ 

S  «  .ad  4,50  .o»l»»  *“ 'r!f  fo  3,  “nd  1  57  ™, 

I. 98  per  cent,  glucose  increased  from  .  .  q  per  cent 

cent,  and  fructose  was  formed  to  the  extent  of  0.2  0.71  pe^  • 

Numerous  analyses  of  malt  are  reported  by  Le  Clerc  and  Wahl  ana 

compared  with  the  analyses  of  the  barley  frona  which  they 

Only  the  average  percentage  losses  and  gams  during  malting  of  43 

Jes  need  here  I  given  as  follows:  total  protein  -12.0,  soluble  prot  m 
+72  5,  soluble  non-coagulable  protein  +104.0,  soluble  coagu  a 
protein  +13.0,  fat  -7.7,  lecithin  +34.3,  starch  -28.0,  reducing  sugam 
L  invert  +4C0.0,  cane  sugar  +71.0,  fiber  -8.4,  pentosans  -1.6,  ash 
-20  7  potash  -48.2,  lime  -22.3,  magnesia  -17.6,  phosphoric  acid 
-12.7,  sulphur  +9.0,  hulls  -8.5,  bran  -37.0,  embryo  +78.7,  and  endo- 

sperm  —10.2.  .  ,  .o  i  c 

The  extreme  percentages  of  the  carbohydrates  in  the  43  samples  o 

malt  calculated  to  the  dry  basis  follow:  starch  41.22  to  53.45,  reducing 

sugars  as  invert  3.76  to  11.04,  sucrose  2.35  to  5.81,  and  pentosans  8.32  to 

II. 88. 

Proteins  of  Malt. — An  extensive  study  of  the  changes  that  take 
place  in  the  proteins  of  barley  during  malting  was  made  by  Osborne 
and  Campbell.-^  They  found  that  both  the  hordein  and  the  edestin 
disappear  and  a  new  alcohol-soluble  protein  (bynin)  and  a  new  salt- 
soluble  protein  {hynedestin) ,  both  richer  in  carbon  but  poorer  in  nitrogen, 
take  their  places.  The  albumin  (leucosin)  apparently  remains  unchanged 
and  increases  in  amount.  The  percentages  of  the  proteins  in  the  malt 
examined  follow: 


Protein  insoluble  in  salt  solution  and  alcohol .  3.80 

Bynin,  soluble  in  dilute  alcohol .  1.25 

Bynedestin,  leucosin,  and  proteoses: 

Coagulable .  1.50 

Uncoagulable .  1.29 


7.84 

Hordenin,  a  product  of  protein  decomposition,  according  to  Tor- 
quati,?  is  not  present  in  normal  barley  but  is  found  during  sprouting. 

1  J.  Chem.  Soc.  1886,  p.  58. 

2  Loc.  cit. 

^  Connecticut  Agr.  Exp.  Sta.  Rep.  1895,  p.  239. 

^  Arch.  farm.  sper.  1911,  10,  62. 
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The. content  is  highest  during  the  first  four  days  and  then  decreases  up  to 
twenty-five  days  when  none  is  present. 

Enzymes. — Alalt  was  known  by  the  ancients  to  possess  saccharifying 
power  and  was  one  of  the  first  vegetable  products  studied  with  reference 
to  its  enzymes.  Clerminated  barley,  as  stated  by  Maestrini,^  contains 
amylase  and  invertase  which  are  soluble  in  water,  lipase  and  protease 
which  act  in  an  emulsion  but  are  not  present  after  filtering,  also  catalase 
and  oxidase  but  no  maltase  (see  below),  lactase,  or  rennase.  The  pos¬ 
sible  presence  of  two  amylases  is  noted  below,  also  the  presence  of  an 
enzyme  acting  on  pentosans  and  of  two  or  more  proteolytic  enzymes 
acting  on  proteins  and  peptides.  All  these  and  other  enzymes  doubtless 
occur  in  other  malted  cereals. 

Protease. — Gioficn  ^  found  in  barley  0.26  per  cent,  calculated  as  tr>^p- 
sin,  the  optimum  temperature  being  30  to  40°  C.  According  to  Wahl,^ 
lactic  acid  produced  in  the  mash  through  the  agency  of  bacteria  is  an 
important  factor  in  the  activation  of  the  proteases  of  yeast.  He  believes 
that  the  acid  liberates  the  enzyme  from  its  combination  with  some  base, 
bundin'^  gives  as  the  optimum  for  the  peptic  protease  in  malt  pH  3.7 
to  4.3,  and  in  green  malt  ±3.2,  and  for  the  tryptic  protease  in  green  malt 
and  malt  germ  6.3,  which  figures  are  somewhat  less  than  in  the  case  of 
yeast  proteases.  Two  proteolytic  enzymes  are  present  in  green  malt 
according  to  Alill  and  Linderstrdm-Lang,^  one,  a  protease  with  optimum 
pH  of  4.3  at  40°  when  acting  on  edestin,  the  other,  a  peptidase  with 
optimum  pH  of  7.6  to  7.9  at  40°  when  acting  on  leucylglycine. 
The  latter  is  the  more  unstable  and  is  greatly  inhibited  by  phos- 

^  Peptidase.— Hopkins  notes  the  presence  in  green  malt  of  a  peptidase 
eluted  in  an  alkaline  medium  and  a  protease  eluted  in  an  acid  medium. 
Both  show  a  maximum  adsorption  at  about  pH  4.7.  Sato  '  concludes 
from  the  hydrolytic  velocity  of  peptides  that  two  peptidases  are  present 

in  green  malt,  not  one,  as  stated  by  other  authors. 

Amylase.— Mult  amylase  has  been  the  subject  of  many  investigations^ 
The  work  of  Osborne,^  Sherman  and  Gettler,^  Sherman  and  Schlesinger, 


Atti.  accad.  Lincei  1919,  28,  II,  393,  45G;  1919,  28,  II,  509. 


2  InauK.  Dis.  Bern.  1909. 

3  Eighth  Int.  Cong.  Appl.  Chem.  1912,  14,  215.  . 
^  Biochem.  Z.  1922,  131,  193. 

6  Compt.  rend.  trav.  lab.  Carlsberg  1929,  17,  1. 

*  Biochem.  .1.  1929,  23,  1022. 

7Compt.  rend.  trav.  lab.  Carlsberg  1931,  19,  L 
8.1.  Am.  Chem.  Soc.  1895,  17,  593. 


9  Ibid.  1913,  36,  1790. 
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era!  Wii  fvnin  42  Q9  to  74  4  per  cent  and  reduce 

as  to  increase  the  protein  content  iiom  42.yy  to  pe 

the  carbohydrates  from  43.56  to  28.07  per  cent.  ,  .  ■  , 

On  the  other  hand,  Fricke  and  Kaja  ^  consider  that  a  protein  is  not 

the  active  substance  in  amylase,  basing  their  belief  on  failure  o 
tryptic  digestion  or  precipitation  with  uranyl  salts  if  not  added  in  excess 
of  the  protein,  to  influence  the  diastatic  power,  although  traces  of  uranyl 


salts  were  strongly  inhibitory.  i  i  +• 

Biochemists  are  divided  as  to  whether  there  are  two  amylolytic 

enzymes  in  malt,  one  producing  maltose,  the  other  dextrmose,  or 
whether  there  is  only  one  producing  both.  Lecoq  and  Wmdisch 
are  among  the  recent  authors  who  believe  that  two  amylases  are  present. 
Syniewski^  considers  that  there  are  in  barley  two  amylases,  a  and  (3, 
the  first  giving  with  iodine  violet,  red,  and  brown  colors  or  none  at  all, 
the  second  the  usual  blue  color.  According  to  Polak  and  Tychowski,® 
the  a-amylase  exists  in  the  barley  but  the  (3  form  appears  during  malting, 
although  it  does  not  act  until  the  starch  is  brought  into  solution.  Con¬ 
sidering  starch  as  made  up  of  amylopectin  and  amylose,  the  former, 
after  autoclaving,  is  hydrolyzed  by  /3-amylase  to  dextrin  I,  the  latter  by 


a-amylase  to  maltose  and  by  /3-amylase  to  dextrin  II  which  in  turn  is 
hydrolyzed  to  maltose  by  ^-amylase.  Edfeldt,  Nordh,  and  Swaetichin  ^ 
are  of  the  opinion  that  there  are  two  amylases,  not  an  amylase  and  a 
dextrinase,  in  malt. 

In  experiments  by  Fricke  and  Kaja,^  malt  amylase  was  not  changed 
in  its  dextrinizing  and  saccharifying  power  on  purification  by  electro¬ 
dialysis  and  electroosmosis,  thus  refuting  the  theory  that  two 
distinct  enzymes  bring  about  these  changes.  Evidence  secured  by 
Sabalitschka  and  Schulze,®  notably  the  uniformity  of  the  dextrinizing 
and  saccharifying  power  of  solutions  treated  with  various  adsorption 
media,  indicates  that  one  enzyme  brings  about  the  formation  of  both 
soluble  carbohydrates.  Sabalitschka  and  Weidlich  corroborate  this 
view. 


Maltase. — According  to  Wierzchowski,^^  maltase  is  present  in ‘small 
amount  in  barley.  Ling  and  Nanji^^  found  it  in  barley  before  sprouting, 


1  Wochschr.  Brau.  1925,  42,  97. 

2  Ber.  1924,  57,  313. 

^  Compt.  rend.  1924,  91,  924. 

^  Wochschr.  Brau.  1925,  42,  276. 
®  Biochem.  Z.  1925,  168,  87. 

6  Ibid.  1929,  214,  216. 


7  Ibid.  1930,  223,  478. 

®  Loc.  cit. 

^  Fermentforsch.  1925,  8,  428. 

10  Biochem.  Z.  1929,  216,  267. 

11  Ibid.  1913,  67,  125. 

12  Biochem.  J.  1923,  17,  593. 
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also  in  green  and  kiln-dried  malt.  A  maltase  isolated  by  Pringsheim 
and  Leibowitz^  has  its  optimum  activity  at  pH  4.5  to  5. 

Pefitosose. — Determinations  of  pentosans  by  Baker  and  Hulton^ 
in  barley  and  malt  showed  a  distinct  gain  during  sprouting  at  the  expense 
of  non-pentosans.  The  increase  of  pentosans  in  the  embryo  and  the 
decrease  in  the  endosperm  point  to  the  presence  of  an  enzyme,  appro¬ 
priately  named  pentosase,  that  acts  on  pentosans,  converting  them  into 
soluble  forms,  thus  permitting  translocation. 

Catalase. — Matsuyama^  gives  as  the  optimum  pll  7  to  8  at  20°  in 
0.05  N  hydrogen  peroxide.  The  optimum  for  other  strengths  of  hydrogen 
peroxide  and  other  temperatures  are  also  given.  Charrnandaryan  and 
Tyutyunnikova'*  show  that  both  cations  and  anions  activate  the  catylase, 
the  order  beginning  with  the  most  effective  for  cations  being  Na,  NH4, 


Ms,  Ca,  Mn,  Zn,  and  for  anions  Cl,  NOs,  SO4. 

Maltsters’,  Brewers’,  and  Distillers’  By-Products. — Although  various 
cereals,  as  well  as  potatoes  and  saccharine  products,  furnish  the  raw 
material  for  the  fermentation  industries,  malt  is  an  essential  ingredient 
when  the  saccharification  of  starch  is  involved,  and  for  this  reason  treat¬ 
ment  under  barley  appears  logical. 

Brewers’  and  distillers’  grains,  also  malt  sprouts,  are  fed  to  cattle 
in  the  moist  condition,  when  obtainable,  before  fermentation  sets  in. 


Modern  practice,  howTver,  usually  necessitates  drying. 

The  composition  of  the  dried  by-products  is  well  illustrated  by  a 
summary  of  analyses  made  by  Kellogg  in  connection  with  the  enforce¬ 
ment  of  the  Pennsylvania  feed  inspection  law  given  on  the  next  page.*’ 
Malt  Sprouts. — The  composition  of  malt  sprouts  is  shown  in  the 
following  table.  The  product  is  rich  in  protein  but,  being  a  further 
development  of  the  radicle,  contains  no  starch.  Other  carbohydrates 

and  nitrogen-free  substances  are  present. 

Yoshimura  has  demonstrated  the  presence  of  maltose  and  invert 
sugar  but,  counter  to  the  statement  of  Gruss,  was  unable  to  find  sucrose. 

He  also  isolated  choline,  betaine,  and  histidine. 

Brewers’  Grains.— Sixty-three  lots  of  dried  brewers’  grains  examined 
at  the  Marburg  Experiment  Station  contained,  according  to  Dietrich:' 
water  2.4  to  13.6,  aver.  8.7;  protein  (N  X  6.25)  17.4  to  .30.0,  aver. 
22.7;  fat  3.9  to  10.1,  aver.  7.6;  nitrogen-free  extract  31.2  to  .>0.5, 


1  Biochem.  Z.  1925,  161,  450. 

2  J.  Chem.  Soc.  1917,  111,  121. 


3  Ibid.  1929,  213,  122. 

Mbid.  1930,  222,  272.  o  i 

Pennsylv.mia  Dept.  Agr.,  Rur.  Chem.  I!)  1.3,  Rul.  249. 

®  Biochem.  Z.  1911,  31,  221. 

^  Landw.  Vers.-Stat.  1901,  66,  207. 
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Composition  of  Maltsters',  Brewers',  and  Distillers'  Offal  (Kellogg) 


Samples 

Water 

Protein 

Fat 

Fiber 

% 

% 

% 

% 

Malt  sprouts: 

9 

5.61 

23.00 

1.48 

9.97 

14.82 

9.01 

32.53 

3.53 

7.06 

27.17 

2.40 

11.89 

Dried  brewers’  grains: 

40 

10.25 

4.07 

20.81 

5.66 

8.99 

36.10 

8.25 

16.17 

7.08 

28.19 

7  07 

12.93 

Dried  distillers’  grains: 

T  .(irorplv  pnrn . 

23 

IVTin  . 

5.00 

25.31 

8.30 

7.95 

. 

10.02 

35.88 

13.97 

13.20 

A  vpr  . 

6  73 

29.28 

11  70 

10.82 

T,nrcrplv  7'VP  . 

3 

AJV- . 

]V|  If)  . 

4.97 

18.25 

4.53 

10.25 

X  . 

12.11 

27.56 

9.43 

12.04 

Avp'T'  . 

8.03 

22  10 

7.40 

11.36 

aver.  42.0;  fiber  10.6  to  24.9,  aver.  15.1;  and  ash  2.2  to  5.6,  aver. 
3.9  per  cent. 

From  70  to  100  per  cent  of  the  total  'protein  existed  as  true  proteins 
and  from  33.1  to  91.2  per  cent,  dissolved  in  artificial  digestive  solutions, 
the  lowest  solubilities  being  due  to  overheating  in  drying. 

In  the  fat  extracted  with  ether  from  commercial  and  laboratory 
dried  grains,  respectively,  Dietrich  obtained:  free  fatty  acids  calculated 
as  oleic  32.7  and  26.5  per  cent;  lecithin  6.3  and  6.2  per  cent;  neutral 
fat  (in  the  first)  56.2  per  cent;  unsaponifiable  matter  (in  the  first)  4.8 
per  cent;  iodine  number  93.6  and  107;  unsaponifiable  matter  195  and 
182  per  cent;  butyrorefractometer  reading  at  40°  C.  66  and  64.5.  The 
total  lecithin  in  the  dried  grains  was  1.48  and  1.89  per  cent. 

Starch  (gelatinized)  and  sugars  occur  only  in  small  amount  in 
brewers’  grains;  pentosans  vary  from  20  to  30  per  cent  in  the  air-dried 
material. 

The  ash  in  6  samples  of  dried  brewers’  grains  examined  at  the  Mar¬ 
burg  Experiment  Station,  according  to  Dietrich,  ranged  from  2.6  to 
5.17  per  cent.  Analyses  of  the  ash  showed:  potash  2.1  to  4.44,  soda 
trace  to  1.10,  lime  8.42  to  16.8,  magnesia  8.66  to  13.16,  ferric  oxide  2.1 
to  4.43,  manganic  oxide  (1  sample)  1.5,  phosphoric  acid  32.32  to  40.51, 
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silica  25.33  to  39.42,  and  sulphuric  acid  0.96  to  1.51  per  cent,  chlorine 
trace. 

Distillers’  Grains. — The  dried  residues  from  the  manufacture  of 
alcohol  and  distilled  liquors  in  Europe  show  a  wide  range  in  compo¬ 
sition  owing  to  the  variety  of  cereals,  as  well  as  potatoes,  used  for  mash¬ 
ing.  Eighteen  analyses  of  dried  distillers’  grains  from  cereal  mash 
(Brennereitreber),  reported  by  Dietrich^  show:  water  2.5  to  10.0,  pro¬ 
tein  (N  X  6.25)  14.4  to  27.7,  fat  5.1  to  16.1,  nitrogen-free  extract 
34.5  to  52.8,  fiber  10.8  to  18.0,  and  ash  1.6  to  4.5  per  cent. 

The  averages  of  analyses  of  9  lots  of  dried  rye  grains  (Branntwein- 
schlempen)  and  of  23  lots  of  dried  maize  grains  from  different  countries, 
also  reported  by  Dietrich,^  are:  water  10.8  and  8.1,  protein  22.5  and 
27.7,  fat  5.4  and  12.9,  nitrogen-free  extract  46.7  and  36.3,  fiber  8.8  and 
9.3,  and  ash  5.8  and  5.7  per  cent. 

SIX-ROWED  BARLEY 


Uordeum  sativum  Jess.  var.  hcxaslichon  (L.)  Hackel  —  II.  hexasiichon  L. 

Er.  Orge  a  six  c6t4s.  Sp.  Cebada  caballar.  It.  Orzo.  Ger.  Sechszeilige 

Gerste. 

Although  six-rowed  or  round  barley  was  probably  derived  from  a 
two-rowed  form,  this  development  must  have  taken  place  in  prehistoric 
times,  as  the  only  barley  of  the  Eg>i3tians  and  Greeks  and  the  common 

barley  of  the  lake  dwellers  was  six-rowed. 

In  barleys  of  this  type,  unlike  two-rowed  varieties,  all  three  spikelets 
of  each  group  are  fertile,  which  fact,  taken  in  conjunction  with  the 
equal  spacing  of  the  spikelets  on  opposite  sides  of  the  rachis,  explains 
the  six  rows.  Although  the  two  side  spikelets  are  fertile  they  do  not 
have  the  vigor  of  the  central  one  and  the  grains  are  smaller.  This  is  in 
harmony  with  the  theor>^  that  the  six-rowed  varieties  originated  from  the 
two-rowed,  the  grain  from  the  flowers  once  sterile  never  reaching  quite 

the  development  of  the  central  grain. 

MACROSCOPIC  STRUCTURE.— There  are  bearded  and  hooded 

groups  and  under  each  group  chaffy  or  common  and  naked  or  hull-less 

Atterberg-"^  describes  two  distinct  groups  of  the  bearded  chaffy  type, 
one  ( II.  hexlstichon  spurium)  like  four-rowed  barley  with 
nels  twisted,  the  other  ( II.  hexasiichon  veruni)  with  a  cross  wrinkle  at 

1  Loc.  cit. 

2  Ibid.  1902,  66,  321. 

3  Landw.  Vers.-Stat.  1889,  36,  23. 
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ba.o  of  both  central  and  side  kernels  an<l  a  swelling  each  side  of  the 

'""MICROSCOWc'sTRUCTURE.-There  are  no  well-established  dis¬ 
tinctions  from  two-  or  four-rowed  varieties,  comparing  chaffy  with 
chaffy,  naked  with  naked,  and  hooded  with  hooded. 

FOUR-ROWED  BARLEY 


Hordeum  sativum  Jess,  var.  vulgare  (L.)  Hackel  H.  vulgare  L. 

Fr.  Orge.  Sp,  Cebada  comun.  It.  Orzo.  Ger.  Vierzeilige  Gerste. 

Since  this  type  differs  from  the  six-rowed  type  merely  in  that  the 
adjoining  side  spikelets  of  opposite  groups  are  crowded  into  the  same 
row,  some  botanists  prefer  the  name  “  square  six-rowed  to  tour- 

rowed.”  .  r  r  j 

There  appear  to  be  no  marked  macroscopic  distinctions  of  four-rowed 

’^arley  from  six-rowed  barley  of  Atterberg’s  “  spurium  group,  or  micro- 

>ic  differences  other  than  those  based  on  adherence  of  chaff  or  pres- 

^  ff  a  hood. 


NUTS  OF  THE  OAK  FAMILY 


{F  agaceoe)  [ 

ji 

Included  under  the  term  cup  nuts  are  the  starchy  fruits  of  the  oaksli 
(Quercus)  and  chestnuts  (Castanea)  and  the  oily  nuts  of  the  beeches  | 
{Fagus).  Since  acorns  and  chestnuts  yield  flour  and  starch  compar-  j; 
able  in  composition  with  the  corresponding  cereal  products,  they  are  j 
included  in  this  chapter.  { 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  in  j  are  f 
monoecious,  the  staminate  flowers  occurring  in  catkins,  the  pistillate  [ 
flowers  singly  (Quercus)  or  in  small  groups  (Castanea).  Characteristic  1 
of  the  fruit  is  the  involucre  or  cupule,  now  regarded  as  an  extraneous  i 
growth,  which  forms  the  cup  of  acorns  and  the  bur  of  chestnuts.  | 

COMPARATIVE  MICROSCOPIC  STRUCTURE.  Pericarp.— Both  j 
genera  agree  in  having:  (1)  epicarp,  hairy  at  the  tip,  with  dark  con-  I 
tents,  (2)  dense  hypoderm  of  stone  cells,  (3)  mesocarp  of  parenchyma,  and  j 


(4)  hairy  endocarp. 

In  acorns  a  thin-walled  enjstal  layer  lies  between  the  epicarp  and  the 
hypoderm,  and  in  both  chestnuts  and  acorns  crystal  rosettes  occur  in 
the  mesocarp. 

Spermoderm. — Both  genera  have  a  hairy  outer  epiderm.  The  hairs 
are  often  long  and  for  the  most  part  thin-walled,  although  thick-walled 

forms  occur  in  the  chestnut. 

Cotyledons.— /Sfarc/i  is  the  chief  constituent. 

COMPARATIVE  CHEMICAL  COMPOSITION.— As  regards  the 
nutrients,  the  kernels  of  both  the  chestnut  and  the  acorn  differ  in  com¬ 
position  from  wheat  and  other  naked  cereals  in  that  they  contain  more 
soluble  carbohydrates,  only  about  half  of  the  nitrogen-free  extract  being 
starch.  The  sweet  taste  is  in  accord  with  the  high  percentage  of  sugars 
found  on  analysis.  Acorns  contain  more  or  less  of  a  bitter  substance 
which,  although  present  in  small  amount,  renders  them  unsuited  for 
food,  at  least  in  their  natural  condition.  A  comparison  of  ash  analyses 
of  the  chestnut  with  those  of  wheat  shows  a  higher  percentage  of  sul¬ 
phuric  acid. 
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Castanea  spp. 

Fr.  Marron.  Sp.  Castana.  It.  Marrone.  Ger.  Kastanie. 

Large  nuts  are  produced  by  the  European  chestnut  (C^  sa^a  Mdh  = 

C,  vesca  Gaertn.)  and  two  oriental  species  = 

molUssvma  Blume).  The  lordly  American  ^pecm  (C-  ^  ^ 

r  nmericana  Raf  =  C.  saliva  var.  amencana  Michx.),  which  in  recen 
years  largely  has  disappeared  owing  to  the  ravages  of  the  oriental  chest- 
Lt-bark  disease,  yields  smaller  nuts  but  of  excellent  flavor,  and  the 
chinquapins  (C.  pumzla  Mill  and  C.  ahufoUa  Nutt),  both  low-growing 
species,  yield  still  smaller  but  easily  gathered  nuts. 

Chestnuts  are  eaten  roasted  throughout  Europe.  Shelled  they 
are  valuable  for  poultry  dressing  and  in  other  ways.  Chestnut  flour  is 
used  in  Italy  for  various  desserts. 

MACROSCOPIC  STRUCTURE— European  and  Japanese  chest¬ 
nuts  reach  3  cm.  or  more  in  width;  American  chestnuts,  only  about  half 
that  dimension.  The  densely  spiny  hur  opens  at  maturity  disclosmg 
usually  two  or  more  brown  mils — in  the  chinquapin  only  one  which  are 
broad  at  the  base,  tapering  to  the  soft,  elongated,  hairy  tip.  Both  the 
inner  surface  of  the  tough  pericarp  and  the  outer 
surface  of  the  thin,  soft  spermoderm  are  downy. 

The  seed  is  anatropous.  The  cotyledons  are  lon¬ 
gitudinally  furrowed. 

MICRO  SCOPIC  STRU  CTURE  . — The  Pericarp 

consists  of  (1)  epicarp  of  thin-walled,  usually  polygonal 
cells  with  dark  contents,  (2)  hypoderm  of  several  layers 
of  radially  elongated  stone  cells,  largest  in  the  outer 
layer,  (3)  mesocarp  of  longitudinally  elongated  cells, 
with  swollen  walls,  containing  crystal  clusters,  and 
vascular  bundles,  and  (4)  densely  hairy  endocarp. 

The  outer  hypoderm  cells  in  tangential  section 
have  deeply  sinuous  walls.  Commonly  the  hairs  are  Fig.  no.— Chestnut. 

Hairs  from  spermo- 

thin-walled,  but  thick-walled  forms  also  occur.  1  hey  derm,  x  leo.  (A.l.w.) 
vary  up  to  2  mm.  or  more  in  length. 

Beneath  the  scar  and  at  the  tip  the  structure  is  different  from  that 
described. 

Spermoderm. — The  outer  epiderm  is  conspicuous  because  of  its  hairs 
(Fig.  110).  The  middle  and  inner  layers  are  inconspicuous. 

Cotyledons. — The  outer  layer  consists  of  small,  somewhat  radially 
elongated,  thin-walled  aleurone  cells  containing  protein  and  oil  but  no 
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starch.  Large  polygonal  starch  cells  make  up  the  remainder  of  the 
tissues. 

The  starch  grains  (Plate  I,  Fig.  10)  are  pear-shaped,  ellipsoidal,  and 
of  various  grotesque  forms,  reaching  24  ^  in  length.  The  hilum  is  in 
the  broad  end.  Clefts  are  sometimes  present.  Twins  and  triplets  occur 
here  and  there. 

Chief  Structural  Characters.— Nut  broadest  at  base,  tapering 
to  elongated  soft  tip.  Epicarp  tough,  brown,  hairy  at  tip,  with  scar 
at  base.  Spermoderm  thin,  hairy.  Cotyledons  bulky. 

Epicarp  of  polygonal  cells;  hypoderm  of  radially  arranged  stone 
cells  with  sinuous  outline  in  tangential  section;  mesocarp  swollen; 
endocarp  and  spermoderm  with  thin-  and  thick-walled  hairs.  Coty¬ 
ledons  with  outer  aleurone  layer  and  inner  starch  cells.  Starch  grains 
grotesque,  up  to  24  n,  with  eccentric  hilum. 

CHEMICAL  COMPOSITION. — Frear  ^  has  reported  the  results  of 
8  analyses  of  chestnuts,  namely:  2  of  Spanish  chestnuts,  2  of  the  native 

Composition  ok  Chestnut  Kernel  (Freak) 


(Chemical  constituents  in  percentaj^es  of  dry  matter) 


Spanish 

Sp.mish 

Native 

Native 

Paragon 

Numbo 

Solcbury 

Moon’s 

Shell  . 

Cf 

/O 

21.51 

Cf 

/o 

25.25 

Cf 

/O 

23.24 

/o 

22.87 

/O 

23.94 

/o 

11.49 

% 

15.32 

/o 

14.32 

Kernel: 

Water . 

6.63 

5.43 

31.45 

4.82 

6.53 

42.25 

29.17 

41.66 

Dry  matter . 

71.86 

69 . 32 

42.31 

72.31 

69.53 

46.26 

55.51 

44.02 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Protein: 

True  proteins .... 
Amifles,  efe . 

8.38 

1.23 

9.28 

1.68 

11.84 

0.39 

10.53 

1.67 

10.91 

1.23 

8.68 

1.90 

8.07 

1.44 

9.63 

1.11 

9.61 

10.96 

12.23 

12.20 

12.14 

10.58 

9.51 

10.74 

Fat . 

7.11 

9.58 

16.42 

16.08 

9.76 

11.46 

11.67 

11.00 

N-f.  ext.: 

ryliiArtnr* . 

19 

12.63 

1 1.06 

3.. 50 

9.13 

6.76 

13.78 

() .  71 

I  )pitt.rin . 

17.  l.'i 

8.23 

7.63 

12.01 

11.05 

14.40 

15.02 

14.74 

21.21 

23 . 87 

16.81 

1  50.65 

f  32.15 

20.49 

34 . 27 

33.95 

Other  substances. 

.30.81 

29 . 02 

26.63 

1  19.9*7 

29.  C9 

9 . 73 

16.55 

77.72 

73.75 

65. 13 

66. 16 

72.30 

71.04 

72.80 

71.95 

2 .  .">3 

2.81 

3.62 

2.81 

2 . 68 

3.71 

3.51 

2.51 

3 . 26 

3.03 

2.87 

2 .  (•>() 

2.72 

3.  12 

3.  IS 

*3 .  iL) 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

1  Pennsylvania  Agr.  Exp.  Sta.  Rep.  1891,  Bui.  16,  12. 
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,  .  (Vm^on  Numbo,  and  Solebury)  of  American 

rr “t.r  >  <«»»«  «<  *  '7“  trr 

S.  ...ck.  The  InckiJ.  «e»™  t»;  "«  7““  < 

roids  ”)  and  amides,  also  for  the  different  carbohydrates. 

The  higli  percentages  of  dextrin,  the  low  percentages  of  starcli,  and 
the  nature  of  the  “  other  substances  ”  need  explanation  ^ 

Analyses  of  2  samples  of  Italian  chestnuts  were  made  by  Colby 
connection  with  a  study  of  California-grown  nuts.  Physical  analyses 


follow: 


I 

II 

% 

% 

Husk  . 

43 

35 

Shell  . 

9 

10 

Kernel . 

48 

55 

100 

100 

I 


Determination  of  the  percentage  of  nitrogen  in  each  part  of  the  two 
samples  gave  respectively:  husk  0.50  and  0.22,  shell  0.76  and  0.26,  and 
kernel  1.06  and  0.65.  The  average  water  content  of  the  kernel  was 
53.2  per  cent  and  the  average  percentages  of  the  constituents  in  the 
water-free  kernel  were:  protein  11.55,  fat  4.22,  nitrogen-free  extract 
78.45,  fiber  3.10,  and  ash  1.68  per  cent. 

French  chestnuts  and  Virginia-grown  native  chestnuts  have  been 
analyzed  by  Robb.^  The  composition  of  the  kernels,  which  amounted 
to  88.81  and  82.01  per  cent  respectively  of  the  whole  husked  nut,  is  shown 
in  the  table  which  follows : 


Composition  of  Chestnut  Kernel  (Robb) 


1 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

French . 

Virginian . 

% 

52.24 

33.45 

% 

3.12 

10.19 

% 

1.56 

10.20 

% 

40.56 

42.35 

% 

1.37 

1.93 

% 

1.15 

1.88 

An  analysis  of  the  edible  part  of  the  chestnut,  constituting  82.6  per 

^  California  Agr.  Exp.  Sta.  1896,  Bui.  113. 

2  Virginia  Chemists’  Club  Proc.  2,  13. 
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cent  of  the  whole  nut,  has  been  made  by  Baker  and  Hulton.^  The 
kernel  when  shelled  contained  59.86  per  cent  of  moisture  but  was  dried 

at  55°  C.  before  grinding  for  analysis.  The  composition  of  the  dried 
kernel  follows; 


C0.MPOSITION  OF  CHE.STNUT  KeRXEL  (BaKEU  AND  IIuLTON) 


Water .  4,70  • 

Protein .  7  44 

.  2.90 

N-f.  ext .  80.00 

Piker .  2.28 

Ash .  2.68 

Reducing;  su^ar  or  dextrose .  5.3() 

Sucrose .  9 . 00 

Starch  (taka-<liastase) .  41.08 

Starch  (Lintner) .  50.00 

Pentosans .  3.00 

Cold  water  extract .  22.08 


Chestnut  Flour  is  an  important  food  in  Italy.  Its  composition  and 
food  value  in  compari.son  with  cereal  Hours  have  been  studied  by 
Leoncini  and  Alanetti.-  Determination  of  the  usual  proximate  con¬ 
stituents  w'as  made  in  8  samples,  representing  the  product  of  different 
sections  of  Italy,  and  of  the  individual  carbohydrates  in  7  of  the  samples. 


Composition  of  Chestnut  Flour  (Leoncini  and  Manetti) 


Water 

Protein 

Fat 

N-f. 

ext. 

Reducing; 

sugars 

Sucrose 

Starch 

Fiber 

Ash 

Min . 

Max .... 

% 

10.75 

10.70 

13.96 

% 

7.43 

8.50 

8.02 

% 

3.30 

3.(X) 

3.64 

% 

00.58 

72.17 

69.94 

% 

2.72 

3.16 

2.88 

% 

20.51 

30.59 

26.72 

% 

34.04 

48.40 

39.98 

Of 

/o 

2.05 

2.95 

2.80 

% 

2.02 

3.02 

2.64 

Aver. . .  . 

Fat —The  only  available  data  are  by  Robb,^  who  states  that  the  oil 
of  the  native  species  is  liiiuid  at  0°  C.,  has  a  refractive  index  of  1.4693 
(temperature  ?),  and  a  saponification  number  of  207.5. 

Carbohydrates. — See  analyses  above  by  Frear,  Baker  and  Hulton, 

and  by  Leoncini  and  Manetti.  ^ 

The  percentages  of  the  individual  carbohydrates  found  by  Robb 


^  Analyst  1018,  43,  32. 

2  Staz.  sper.  agr.  ital.  1911,  44,  00,  113. 
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in  the  kernels  of  samples  described  above, 


calculated  to  the  dry  basis, 


follow: 


Carbohydrates  of 


Reducing  sugars. . . . 

Sucrose . 

'Dextrin . . 

Starch . 

Pentosans . 

Waxes,  gums,  resins 
Undetermined . 


Chestnut  Kernel  (Robb) 


I'h’ench 


% 

6.26 

6.89 

0.37 

63.60 

4.87 

1.48 

1.63 


Virginian 


% 

2.39 

15.55 

0.51 

35.70 

5.44 

2.18 

2.19 


85.10 


63.96 


A  study  of  the  results  by  the  different  analysts  shows  that  often  hal 
or  more  of  the  carbohydrate  matter  in  the  nut  consists  of  substances 
other  than  starch  and  that  the  amount  of  sucrose  exceeds  that  of  reduc¬ 
ing  sugar.  It  is  difficult  to  reconcile  some  of  the  results  reported  except 

as  due  to  faulty  methods. 

Mineral  Constituents. — The  average  composition  by  Colby  of 
the  ash  of  the  parts  of  the  2  samples  of  Italian  chestnuts  described 
above,  also  of  the  nut,  husked  but  not  shelled,  follows. 


Analyses  of  Chestnut  Ash  (Colby) 


Ash 

K2O 

Na20 

CaO 

MgO 

Fe203 

AIn203 

P2O5 

SO3 

Si02 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Husk .... 

1.16 

32.23 

0.99 

17.83 

10.15 

3.93 

0.58 

9.61 

5.05 

18.69 

0.90 

Shell . 

0.81 

29.02 

3.92 

27.52 

14.51 

0.47 

0.24 

21.10 

2.08 

0.42 

0.67 

Kernel.  .  . 

0.79 

48.67 

1.20 

4.63 

8.05 

0.41 

0.16 

23 . 55 

12.81 

0.18 

0.34 

Nut . 

0.83 

45.07 

1.70 

8.82 

9.24 

0.43 

0.18 

23.10 

10.84 

0.22 

0.40 

*  In  fresh  material. 


Minor  Mineral  Constituents.  Manganese. — Pericarp  and  spermoderm  29.3, 
cotyledons  16.1,  embryo  other  than  cotyledons  15.2  mg.  per  kilo,  dry  basis 
(Quartaroli).^ 

Copper. — Pericarp  and  spermoderm  3.2,  cotyledons  9.8,  embryo  other  than 
cotyledons  68.4  mg.  per  kilo,  dry  basis  (Quartaroli).^ 

Zinc. — Kernel  4.1  mg.  per  kilo,  dry  basis  (Bertrand  and  Benzon).® 

Iodine. — None  (Winterstein).^ 

^  Loc.  cit.  ®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

®  Ann.  chim.  appl.  1928,  18,  47.  ^  Z.  physiol.  Chem.  1918,  104,  54. 
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ACORNS 

Quercus  spp. 

Fr.  Gland.  Sp.  Bellota.  It.  Ghianda.  Ger.  Eichel 

A  vast  amount  of  starchy  food  goes  to  waste  in  acorns  because  of 
their  bitter  taste.  Some  species  and  some  trees  of  the  bitter  species 
produce  acorns  of  sufficient  palatability  to  be  relished  by  farm  animals. 
Roasted  acorns  have  been  used  in  Europe  as  a  coffee  substitute. 

MACROSCOPIC  STRUCTURE. — A  cup  (cupule),  covering  more  or 
less  of  the  acorn  according  to  the  species,  corresponds  to  the  bur  of  a 
chestnut.  Since  only  one  acorn  is  borne  in  the  cup  it  is  cylindrical, 
tapering  abruptly  at  the  top  to  a  short  beak. 

MICROSCOPIC  STRUCTURE. — Mitlacher^  describes  fully  the 
tissues  of  cupule,  pericarp,  and  spermodern  of  Q.  sessUiJiora  Salisb.; 
other  authors  have  confined  their  attention  chiefly  to  the  seed. 

Except  for  the  presence  of  a  layer  of  thin-walled  cells,  each  containing 
a  single  crystal,  between  the  ei)icarp  and  the  hypoderm,  the  structure 
is  analogous  to  that  of  the  chestnut,  differing  chiefly  in  the  following 
details:  (1)  the  epicarp  cells  are  for  the  most  part  quadrilateral,  (2)  the 
cells  of  the  inner  mesocarp  are  elongated,  forming  a  loose  tissue  separated 
by  elongated  intercellular  cavities,  and  (3)  the  starch  graijis  have  well- 
marked  elongated  hilums. 

CHEMICAL  COMPOSITION.— Acorns,  although  similar  to  chaffy 
cereals  in  composition,  like  horse-chestnuts,  contain  bitter  and  astringent 
substances  that  render  them  unpalatable.  They  may,  however,  be  used 
in  limited  amount  for  feeding  swine  and  some  other  farm  animals.  Goats 


Composition  ok  Acohn  Kernel 


Water 

Protein 

]'at 

N-f.  ext. 

Fiber 

Ash 

CmrifipKl  . 

% 

13.80 

% 

7.88 

•  '% 
4.57 

% 

07.82 

% 

3.03 

Of 

/c 

2.24 

Baker  and  1 1  niton: 

I  . 

3.32 

7.50 

4.70 

79.50* 

2.28 

2.20 

2.70 

2.25 

II  . 

1.45 

0.05 

5.00 

82.45t 

*  Starch  (taka-cliastuHr 
per  cent 


.)  ELI.  (Lintner)  .lo.7():  re.lnci.iK  HUKar  a.  dextrose  8.18;  sucrose 

dextrose  4.00:  sucrose  1.00,' 


t  starch  (takaMlia»tMc)  0.1!,  (laatiu-r)  .".Id;  rclucin*  „«ar  a. 
pentosans  3.20  per  cent. 

1  Z.  ullg.  oesterr.  Apoth.-Ver.  1901,  39,  1 
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oat  certain  kinds  with  relish.  When  fresh  they  contain  as  much  as  50 
per  cent  or  more  of  water. 

Cranfield/  who  recommends  acorns  as  food  for  poultry,  has  analyzed 
the  kernels  of  partially  dried  nuts  containing  20  per  cent  of  shell  and  80 
per  cent  of  kernel,"  Baker  and  Hulton^  have  analyzed  the  kernels  of  two 
samples  dried  at  55°  C.  These  analyses  appear  on  the  foregoing  page. 

1 J.  Bd.  Agr.  1918,  26,  573. 

2  Analyst  1917,  42,  351. 


BUCKWHEATS  AND  WEED  SEEDS  OF  THE 

BUCKWHEAT  FAMILY 


{Polygonacese) 

This  family,  although  far  removed  from  the  Graminex  in  the  scheme 
of  classification,  for  our  purpose  should  be  considered  in  connection 
with  the  cereals  because  buckwheat,  its  most  important  representative, 
ranks  with  the  true  cereals  in  our  diet.  So  far  as  the  proximate  con¬ 
stituents  ordinarily  determined  are  concerned,  buckwheat  flour  cannot 
be  distinguished  by  its  analysis  from  flour  of  the  true  cereals. 

Only  members  of  the  genus  Fagopyrum — the  true  buckwheats — are 
cultivated,  the  species  of  Pohjgonwn  and  Rumex  described  below  being 
weed  seeds,  although  of  excellent  nutritive  value. 

Microscopically,  buckwheat,  as  well  as  the  other  members  of  the 
family,  has  starch  similar  to  that  of  oats  and  rice  (although  lacking 
oval  aggregates)  and  to  that  of  the  millet  group,  also  an  aleurone  layer 
hardly  distinguishable  from  that  found  in  the  members  of  the  cereal 
group.  When  the  pericarp  and  spermoderm  are  taken  into  account,  the 
gross  and  microscopic'  structures  of  the  true  cereal  and  buckwheat 
groups  are  widely  dissimilar. 

COMPARATIVE  MACROSCOPIC  STRUCTURE— The  apetalous 
flowers  have  in  our  common  species  an  inconspicuous  calyx,  more  or  less 
lobed  or  parted,  which  covers  the  fruit  at  maturity.  The  one-celled, 
one-seeded  (\vy  fruit  (achene)  is  usually  triangular  or  flattened,  brown  or 
black.  A  thin  spermoderm  covers  the  seed,  the  larger  part  of  which  is 
floury  endosperm.  The  euibvyo  in  buckwheat  has  broad,  thin,  folded 
cotyledons  embedded  in  the  endosperm.  In  black  bindweed  and  dock 
the  narrow  cotyledons  adjoin  the  spermoderm  in  one  angle  and  on  one 
side  respectively.  Freed  from  the  calyx,  the  kernels  of  buckwheat  are 
dull  gray  or  dark  brown,  of  black  bindweed,  deep  dull  black,  of  smart- 
w'eed,  lustrous,  black,  and  of  dock,  lustrous,  medium  brown.  All  the 
foregoing  are  always  triangular  except  the  smartweeds,  which  may  )e  , 

either  flattened  or  triangular.  ^  j  -n 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— Striated  papiH®  , 

characterize  the  calyx  of  buckwheat  and  black  bindweed;  they  are  absent  . 
on  dock. 
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The  epicarp  of  common  buckwheat  has  spiral-reticulated  markings 
which  are  absent  or  inconspicuous  on  the  epicarp  of  Tartary  buckwheat 
Black  bindweed  has  a  sinuous-walled,  much-thickened  and  convoluted 
epicarp  with  cuticular  warts;  the  warts  are  absent  on  the  epicarp  ot 
smartweeds  and  dock,  which  are  otherwise  similar.  Buckwheats  alone 
of  the  group  have  a  hypoderm  of  sclerenchyma  fibers. 

The  outer  epidermal  cells  of  the  spermoderm  in  all  the  species  described 
below  have  wavy  walls  and  are  arranged  end  to  end  in  rows.  In  dock, 
these  cells  are  of  enormous  size.  The  middle  layer  of  the  spermoderm  is 
of  spongy  parenchyma,  more  or  less  modified,  the  individual  cells  in 
black  bindweed  and  smartweeds  being  vermiform,  detached,  and  trans¬ 
versely  arranged. 

In  all  the  species,  the  aleurone  cells,  of  the  cereal  type,  are  practically 
the  same.  Characteristic  of  the  starch  grains  are  their  rounded  polygonal 
form,  medium  size  (seldom  up  to  18  y),  and  frequent  grouping  into  rod¬ 
like  aggregates. 

COMPARATIVE  CHEMICAL  COMPOSITION— Comparison  of 
the  average  of  proximate  analyses  of  buckwheat  and  black  bindweed 
data  on  other  members  of  the  group  are  meager — with  that  of  wheat 
shows  a  slightly  lower  content  of  protein,  due  chiefly  to  the  higher  con¬ 
tent  of  fiber.  In  milling,  not  only  the  hulls,  which  contain  the  bulk  of 
the  fiber,  but  also  the  embryo  are  removed,  hence  the  flour,  although  low 
in  fiber,  is  also  relatively  low  in  protein.  Buckwheat  flour  may,  however, 
contain  as  much  protein  as  flour  from  certain  grades  of  soft  wheat,  hence 
no  sweeping  conclusions  can  be  reached. 

Studies  of  the  proteins  of  buckwheat  show  that  it  contains  a  globulin 
but  no  prolamine,  the  absence  of  the  latter  distinguishing  it  from  most  of 
the  common  cereals  other  than  rice. 

COMMON  BUCKWHEAT 

Fagopyrum  esculentuyn  Monch.  =  Polygonum  Fagopyrum  L. 

Fr.  Sarrasin.  Sp.  Sarraceno.  It.  Grano  saraceno.  Ger.  Buchweizen. 

In  agriculture  and  commerce,  buckwheat,  although  the  fruit  of  a 
dicotyledonous  plant,  is  classed  with  the  cereals  for  the  reason  that  it  is  a 
bread  grain.  Structurally  and  chemically  the  endosperm  resembles  the 
cereals  in  that  it  has  a  non-starchy  aleurone  layer  and  a  starchy  interior, 

but  the  structure  of  other  parts  and  the  external  appearance  are  very 
different. 

Common  buckwheat,  as  well  as  two  other  economic  species  mentioned 
by  De  Candolle,  Tartary  buckwheat  (F.  taHaricum  Gtertn.)  and  notch- 
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seeded  buckwheat  (F.  emarginatum  Meissn.),  is  a  native  of  central  Asia. 
Its  cultivation  even  in  this  region  does  not  extend  back  more  than  a  few 
centuries. 

MACROSCOPIC  STRUCTURE  (Fig.  111).— The  sharply  three¬ 
angled  or  three-keeled,  pointed  dry  fruit  (achene)  in  common  varieties  is 
4  to  6  mm.  long,  in  the  Japanese  variety  0  to  9  mm.  long.  The  color 
is  various  shades  of  brown  or  gray  or  streaked  with  both.  The  pin- 
nately  arranged  striations  proceed  diagonally  from  the  midrib  on  each 
face  to  the  angles.  A  portion  of  the  calyx  often  remains  attached  to 
the  base  of  the  fruit.  The  entire  calyx  is  petal-like,  white,  except  at 


Fio.  111. 


Fia.  112. 


PiQ  111.— Common  Buckwheat.  Kernel  in  cross  section.  F  pericarp  with 
R  bundles;  5  spermoderm;  endosperm;  Em  emhTyo.  X16.  (A.L.W.) 

Fig.  112. — Common  Buckwheat.  Elements  from  base  of  calyx  in  surface  view. 
aep  outer  epiderm  with  papilhn  and  stoma;  scl  stone  cells;  /  fibers  and  elongated 
stone  cells;  /y  spiral  vessels  from  bundle;  ret  reticulated  cells.  X160.  (A.L.W  .) 


the  base  w'here  it  is  green,  five-parted,  and  somewhat  shorter  than  the 

fmit.  .  .  , 

Unlike  that  of  the  true  cereals,  the  leathery  'pericarp  is  not  attached 

to  the  seed.  Twelve  main  fibro- vascular  bundles  run  longitudinally 
through  the  pericarp,  one  in  each  angle,  one  in  the  center  of  each  side, 
and  one  about  one-third  the  distance  from  each  angle  to  the  center  ot 
each  side  The  orthotropous  seed  is  covered  with  a  thin,  greenish-yellow 
or  light  brown  spermoderm.  The  pure  white  endosperm  forms  the 
hulk  of  the  seed.  Within  it  is  embedded  the  embryo  with  its  two 
thin  but  broad  cotyledons  so  folded  as  to  form  in  cross  section  a  double 

curve  or  S. 
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MICROSCOPIC  STRUCTURE.-Harz  ‘  found  the  microscopic 
strurture  of  this  species,  F.  pyramidatum  H.,  and  F.  emargtnatum 
to  be  the  same.  He  considers  that  what  is  described  here  as  endosperm 

is  Derisperm  (see  Cockle). 

Calyx  (Fig.  112).— The  noteworthy  tissues  of  the  upper  or  white 
portion  of  the  calyx,  where  the  texture  is  thin  and  petal-like,  are  the  two 
epiderms,  both  with  papilla.  The  cells  of  the  outer  eviderm  (aep)  m 
the  basal  portion  are  larger  than  in  the  upper  portion,  reaching  ^  M- 
The  outer  wall  of  each  cell  throughout  both  the  outer  and  inner  epidermal 
tissues  is  more  or  less  elevated  to  form  a  papilla  with  wavy  striations 
radiating  from  the  center  or  tip.  Stomata  occur  here  and  there. 


am 


...epi 


.m 

end 

aep 

P 
iep 


F  S  E 


C 


Fig.  113. — Common  Buckwheat.  Kernel  in  cross  section  through  one  of  the  angles. 
F  pericarp:  epi  epicarp,  /  fiber  layer,  pig  pigment  parenchyma  containing  fv  fibro- 
vascular  bundle,  end  endocarp.  S  spermoderm:  aep  outer  epiderm,  p  spongy 
parenchyma,  iep  inner  epiderm.  E  endosperm:  at  aleurone  cells,  am  starch  cells. 
C  cotyledon  with  pc  procambium  bundle.  X160.  (A.L.W.) 


In  the  basal  portion  a  chlorophyl  mesophyl  is  well  developed;  in 
this  ramify  the  bundles  (fv)  with  robust  spiral,  annular,  and  reticulated 
vessels.  Adjoining  the  bundles  occur  sclerenchyma  elements,  notably 
broad  porous  (/),  some  pointed,  others  blunt,  passing  into  eloiigated 
stone  cells,  isodiametric  stone  cells  (scl),  and  spiral-reticulated  cells  (ret). 

Pericarp  (Fig.  113,  F;  Fig.  114).— Examination  of  cross  and  surface 
sections  shows  four  layers  as  follows:  (1)  epicarp  {epi)  of  elongated  spiral- 

^Samenkunde.  Berlin,  1885,  p.  1104. 
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reticulated  cells  arranged  like  the  barbs  of  a  feather  on  both  sides  of  the.’ 
central  bundle  of  each  face  and  longitudinally  on  the  angles,  (2)  fiber 
layei'  (/),  four  to  six  cells  thick,  also  arranged  on  the  faces  like  the  barbs 
of  a  feather  and  longitudinally  in  the  angles,  (3)  pigment  layer  {pig)  of 
parenchyma  cells  somewhat  elongated  tangentially  with  brown  contents, 
two  to  three  cells  thick  on  the  faces  and  thicker  in  the  angles,  and  (4} 
endocarp  (end)  of  large  longitudinally  elongated  cells. 

Through  the  pigment  layer  or  between  it  and  the  fiber  layer  run  the 
fibro-vascidar  bundles  {fv)  containing  spiral  vessels  accompanied  by  scler- 
enchyma  fibers  and  cells. 

Spermoderm  (Fig.  113,  *S;  Figs.  115,  116,  117). — This  forms  a  skin 
studied  with  difficulty  in  cross  section.  Surface  preparations  treated 
cautiously  with  sodium  hydroxide  show,  by  careful  focusing,  the  three 


Fig.  1 14.— Common  Buckwheat.  Elements  of  pericarp  (hulls)  in  surface  view. 
epi  ejiicarp;  /  fiber  layer  at  angle;  fv  fibro-vascular  bundle  from  one  of  the  faces; 
pigment  parenchyma;  e/ai  endocarp.  XlOO.  (A.L.^^  .) 


layers,  as  well  as  the  aleurone  cells  of  the  endosperm,  one  above  th(? 
other,  as  follows:  (1)  outer  epiderm  {aep)  of  longitudinally  elongated 
wavy-walled  cells  which  become  straight-walled  near  the  base  and  finally 
at  the  base  broader,  (2)  spongy  parenchyma  (p)  containing  green  or  brown 
chlorophyl  grains,  the  cells  being  star-shaped  on  the  body  of  the  grain, 
rectangular  near  the  base,  and  at  the  very  base  transversely  elongated 
with  few  intercellular  spaces,  and  (3)  inner  epiderm  {iep)  of  longitudinally 

elongated  cells  with  thin  straight  walls. 

Ehdosperm  (Fig.  113,  E-  Fig.  115).-The  aleurone  cells  (al)  both  in 

cross  section  and  surface  view  are  like  those  of  the  cereals.  Tieir 

tangential  diameter  reaches  50  y  or  more. 

Tlie  starch  cells  (am)  are  completely  filled  with  polygonal  or  roundca 
starch  grains,  varying  up  to  18  g  but  conm.only  loss  than  12  g.  which  on 
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grinding  often  separate  as  a  mass  conforming  to  the  shape  of  the  cell. 
Oval  or  rounded  aggregates,  such  as  occur  in  rice,  are  not  present,  but 

two  or  more  grains  of  va¬ 
rious  shapes  and  sizes  are 
often  united  to  form  rod¬ 
shaped  or  branching  aggre¬ 
gates,  Hhe  consolidation,  as 
noted  by  Vogl,  being  so 
complete  as  hardly  to  show 
the  junctures.  Grains 
smaller  than  the  others  or 
of  hour-glass  shape  produce 
characteristic  constrictions 
in  the  aggregates.  The 
hilum  is  central  and  distinct. 

Polarization  crosses  are 
distinct  but  not  brilliant. 

Cotyledons  (Fig.  113, 

C). — The  cells  are  much  smaller  than  in  the  endosperm  and  starch  is 
absent.  A  layer  of  palisade  cells  lies  beneath  the  upper  epiderm. 


Fig.  115. — Common  Buckwheat.  Bran  coats  from 
center  of  one  of  the  faces  in  surface  view.  Spermoderm: 
aep  outer  epiderm,  p  parenchyma,  iep  inner  epiderm.  al 
aleurone  layer  of  endosperm.  X  IGO.  (A.L.W.) 


Fig.  116. 


Fig.  117. 


Fig.  118. 


view 


^  Fig.  116.— Common  Buckwheat.  Spermoderm  near  liase  irf  surface 
showing  aep  outer  epiderm  and  p  spongy  parenchyma.  X 160.  (A.L  W  ) 

117.-Common  Buckwheat.  Spermoderm  at  base  in  surface  view  showing 
aep  outer  epiderm  and  p  parenchyma.  X160.  (A.L.W.)  ^ 

Fig.  118.  Common  Buckwheat.  Radicle  in  cross  section.  X160.  (A.L.W) 


directions  procambiwn 

undies  {pc)  with  strikingly  narrow  elongated  cells. 
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Radicle  (Fig;.  118). — Four  distinct  zones  are  evident  in  cross  section; 
(1)  dennatogen  with  thick  outer  walls,  (2)  'periderm  consisting;  of  cells 
increasing  in  size  from  without  inward,  with  noticeably  larger  cells 
occurring  at  intervals  among  the  smaller  outer  cells,  (3)  procambium  of 
very  small  cells,  and  (4)  core  of  collenchymatously  thickened  cells. 
These  are  respectively  the  embryonic  forms  of  the  epiderm,  cortex, 
bundle  zone,  and  the  pith.  The  third  and  fourth  zones  together  form 
the  plcrome  cylinder. 

The  larger  cells  in  the  cortex  have  crystal-like  contents  of  different 
refraction  from  the  surrounding  tissues.  Since  these  do  not  polarize 
nor  stain  with  iodine  they  do  not  appear  to  be  either  calcium  oxalate 
crystals  or  protein  crystalloids. 

Chief  Structural  Characters. — Grain  triangular,  dark,  some¬ 
times  with  part  of  calyx  at  base.  Spermoderm  thin.  Embryo  with 
broad  but  thin  cotyledons  in  starchy  endosperm. 

Calyx  with  papillie.  Epicarp  with  spiral-reticulated  cells;  fibers 
thick-walled;  pigment  cells  transversely  elongated;  endocarp  cells 
longitudinally  elongated.  Spermoderm  with  wavy-walled,  longitudinally 
elongated  outer  epiderm;  middle  tissues  of  spongy  parenchyma;  inner 
epiderm  of  elongated 'cells.  Aleurone  cells  of  cereal  type,  starch  grains 
in  masses  and  rod-shaped,  often  constricted,  aggregates. 

MICROSCOPY  OF  BUCKWHEAT  PRODUCTS —Buckwheat 


Hulls,  at  one  time  much  used  as  an  adulterant  of  black  pepper,  are 

detected  by  the  characters  named  above. 

Buckwheat  Middlings  or  Shorts,  the  by-product  of  the  manufacture 
of  buckwheat  flour,  contains  the  greater  part  of  the  spermoderm,  aleu¬ 
rone  layer,  and  embryo.  Often  the  three  layers  of  the  spermoderm  and 
the  aleurone  layer  may  be  seen,  by  careful  focusing  m  the  same  fragment, 

after  treating  cautiously  with  sodium  hydroxide. 

Buckwheat  Flour  is  ordinarily  not  so  highly  refined  a  product  as  wheat, 
rye  or  even  corn  flour,  owing  partly  to  the  nature  of  the  grain  and  partly 
to  the  process.  It  contains  in  addition  to  starchy  endosperm,  often  m 
masses,  fragments  of  spermoderm  which  are  of  special  service  m  identi¬ 
fication.  These  are  usually  so  numerous  as  to  be  evident  on  d  rect 
treatment  on  the  slide  with  sodium  hydroxide;  if  not,  the^pccial  met  lo 
of  aLmulation  described  under  Wheat  may  be  used.  The  rod-shaped 
starch,  aggregates  are  also  characteristic.  I'  lour  made  from  black  bin 
weed  would  have  the  same  general  microscopic  characters  as  buckwheat 
flour,  but  the  writers  are  not  aware  that  it  is  made  although  the  amount 
of  the  seed  available  would  warrant  its  utilization  in  this  way.  , 

Of  the  cereals  with  small  polygonal  starch  grains  similar 

b"  — « >>«  I'- 
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tineuished  by  the  presence  of  round  or  oval  aggregates  made  up  of  a 
considerable  number  of  grains  and  common,  barnyar  ,  an  erm 
millets  and  the  foxtails  by  the  presence  of  a  beaded  network  after  tre  - 
ment  with  sodium  hydroxide.  The  large  lenticular  starch  grams 
wheat,  rye,  and  barley  and  the  large  polygonal  grams  of 
the  sorghums  furnish  a  ready  means  of  distinction  of  flour  ma 

these  from  buckwheat  flour. 

Griddlecake  Mixtures  of  buckwheat  flour  with  other  flours  a 
common.  Formerly  they  were  too  often  sold  as  pure  buckwheat  flour. 
The  “  grain  ”  of  buckwheat  flour  is  peculiarly  harsh  and  gritty  wien 
rubbed  between  the  thumb  and  first  finger,  whereas  wheat  flour,  a  com¬ 
mon  admixture,  is  smooth.  Special  methods  of  detection  are  given 

under  Wheat  Flour.  i  a  •  u 

Buckwheat  Grits,  said  to'  be  an  important  food  in  central  Asia  and 

Russia,  is  analogous  to  wheat  and  maize  grits.  Its  microscopic  charac¬ 
ters  are  much  the  same  as  those  of  buckwheat  flour. 

CHEMICAL  COMPOSITION. — Buckwheat  grain  has  not  been  the 
subject  of  such  extensive  chemical  studies  as  the  common  cereals  of  the 
grass  family.  The  8  analyses  of  buckwheat  grown  in  New  Hamp¬ 
shire,  Massachusetts,  Connecticut,  New  York,  New  Jersey,  and  Minne¬ 
sota,  made  for  the  United  States  Census  of  1880,i  still  serve  well  to  illus¬ 
trate  the  composition  of  this  cereal. 


Composition  of  Buckwheat  (U.  S.  Census,  1880) 


Water 

Protein 

(NX6.25) 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

10.89 

8.58 

2.15 

62.63 

7.77 

1.57 

Max . 

14.82 

11.00 

2.39 

65.37 

9.37 

2.34 

Aver . 

12.62 

10.02 

2.24 

64.43 

8.67 

2  02 

Buckwheat  Flour. — Four  analyses  of  Old-fashioned  flour,  also  made 
with  one  exception  for  the  Census  of  1880,  ^  show  the  types  of  stone- 
ground  flour  then  and  now  highly  esteemed  by  New  Englanders  for 
griddle  cakes. 

Buckwheat  By-products.— The  offal  of  buckwheat  milling  consists 
primarily  of  (1)  black  hulls  and  (2)  middlings  made  up  of  seed  coat, 

nil,  p.  423. 

^  Loc.  cit. 
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Composition  of  Buckwheat  Flour  (U.  S.  Census,  1880)- 


Water 

Protein 
(NX  0.25) 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

12.78 

4.18 

0.05 

71.10 

0.21 

0.05 

Max . 

17.03 

8. 13 

1.79 

79.37 

0.52 

1.26 

Aver. 

14.65 

6.89 

1.44 

76.78 

0.34 

1.00 

adhering:  endosperm,  anii  embryo.  The  hulls  have  little  feeding  value 
but  mixed  with  the  middlings  contribute  roughage.  The  middlings  is 
exceptionally  rich  in  protein  and  fat  which  are  derived  chiefly  from  the 
aleurone  layer  and  the  embryo  (germ)  tissues.  So-called  buckwheat  feed, 
a  mixture  of  hulls  and  middlings,  is  a  less  concentrated  cattle  food. 

Following  are  the  averages  of  analyses  of  the  by-products  reported 
by  Lindsey:  ^ 


Composition  of  Buckwheat  By-Products  (Lind.sey) 


Protein 

\T  f 

Samples 

Water 

(NX 

J-at 

In -I. 

0\t. 

Fiber 

Ash 

> 

6.25) 

% 

% 

% 

% 

% 

% 

Buckwheat  hulls . 

1 

0  5 

7.8 

1.4 

47.1 

33.6 

3.6 

Buckwheat  middlings.  .  . 

3 

10.0 

20.7 

7.2 

44.6 

6.8 

4.7 

Buckwheat  feed . 

2 

10.0 

15.9 

4.1 

44.8 

22.0 

3.2 

The  hulls  in  some  instances  have  less  than  3  per  cent  of  protein  and 
over  40  per  cent  of  fiber,  whereas  the  middlings  may  have  over  30  per 

cent  of  protein  and  over  8  per  cent  of  fat. 

Proteins— Ritthausen  ^  prepared  from  aqueous  and  from  alkaline 
extracts  respectively  2.C0  and  3.05  per  cent  of  proteins  to  which  he  gave 
the  general  name  gluten-casein,  although  they  were  quiet  different  from 
the  gluten-casein  of  tme  cereals.  The  total  of  5.65  per  cent  of  proteins 
found  by  Ritthausen  represents  only  part  of  that  present  in  the  kerne  . 

Johns  and  Chernoff  ^  were  unable  to  find  more  than  a  trace  of  pro*®'" 
soluble  in  70  per  cent  alcohol,  but  did  succeed  in  extracting,  with  5  to  10 


1  Miiasiichusetla  .-tgr.  Exp.  Sta.  1919,  Spec.  Bui. 


2  Die  Eiweissktirpen,  etc.  Bonn,  1872. 
3.J.  Biol.  Chein.  1918,  34,  439. 
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per  cent  salt  solution,  globulin  representing  about  20  per  cent  of  the  total 
protein  They  experienced  difficulties  in  making  the  preparations  on 
account  of  gums  which  gave  the  extracts  a  slimy  consistenj. 

The  Ultimate  Composition  of  the  gluten-casein  according  o 


hausen  is: 


Carbon.  . 
Hydrogen 
Nitrogen. 
Sulphur . . 
Oxygen . . 


% 

50.16 

6.80 

17.43 

1.51 

24.10 


100.00 


Amino  Acids  of  Buckwheat  Proteins— ks  determined  by  Johns  and 
Chernoff/  the  amino  acids  of  the  globulin  are: 


% 

Cystine .  1.00 

Arginine .  12.97 

Lysine .  7.9 

Histidine .  0.59 


22.46 


The  high  amount  of  basic  amino  acids,  particularly  lysine,  as  com¬ 
pared  with  that  in  wheat,  is  noteworthy. 

Jones,  Gersdorff ,  and  Moeller  ^  obtained  in  buckwheat  globulin : 
cystine  2.47  and  tryptophane  2.69  per  cent. 

Determinations  by  Kiesel  ^  of  the  hexone  bases  in  two  preparations 
of  glutelin  extracted  by  0.1  per  cent  sodium  hydroxide  gave  the  following 
results. 


I 

II 

Arginine . 

Lysine . 

Histidine . 

% 

6.71 

1.66 

0.84 

% 

7.55 

1  .29 

In  the  glutelin  containing  13.46  per  cent  of  nitrogen,  extracted 
'  Loc.  cit. 

2  Ibid.  1924,  62,  183. 

^Z.  physiol.  Chem.  1922,  118,  301. 
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hy  0.2  per  cent  potassium  hydroxide,  after  hydrolysi.s  and  separation 
by  Fisclier’s  ester  inetliod,  Ukai  and  Alorikawa*  found: 


% 

Glycine .  0.04 

Alanine .  0.01 

Valine .  3.70 

leucine .  4  42 

Glutamic  acid .  7.80 

Phenylalanine .  2.51 

Proline .  2.38 

T  ryptophane .  1.45 


23.30 


Nitrogen  Distribution. — Ukai  and  Morikawa  also  determined  the 
nitrogen  distribution  with  the  following  results:  humin  nitrogen  0.44, 
ammonia  nitrogen  8.71,  organic  extractive  nitrogen  27.76,  and  mono¬ 
amino  nitrogen  60.48  per  cent. 

Fat. — The  rather  high  percentage  of  fat  in  buckwheat  middlings 
suggests  a  field  for  investigation.  No  careful  study  of  the  constituents 
of  the  fat  of  the  polygonaceous  seeds  appears  to  have  been  undertaken. 

Carbohydrates.— Excepting  small  amounts  of  sugar  and  dextrin,  or 
allied  carbohydrates,  the  nitrogen-free  extract  consists  of  starch. 

Phosphorus-Organic  Compounds.  Averill  and  King  2  ob¬ 

tained  the  following  amounts  of  phytin,  calculated  as  CgHi8024Pg,  in 
buckwheat  and  its  products:  buckwheat,  2  samples,  1.25  and  2.39  per 
cent;  hulled  buckwheat  1.29  per  cent;  buckwheat  flour  1.86  per  cent; 

and  buckwheat  hulls  1.00  per  cent. 

Pigment  of  Hulls.— Fessler  ^  states  that  the  hulls  contain  a  green 
pigment  otlier  than  chlorophyl,  which  in  org.anic  solvents  shows  a  red 
or  brown  fluorescence.  The  green  color  becomes  yellow  or  brownish  on 
standing.  He  attributes  to  this  substance  a  poisonous  .action.  Also  a 
xanthophyl  pigment,  related  to  phytosterol,  is  stated  to  be  preset- 

Enzymes.— An  under-mallase  with  an  optimum  activity  at  55  O.  has 
been  found  by  Huerre  ■*  in  dry  buckwheat.  It  decomposes  quickly  during 


germination. 

Maltase  is  present  in  large  amount. 
No  peroxidase  was  found  by  Coupin.^ 

1  J.  Pharm.  Soc.  Japan,  1925,  516,  819. 

2  J.  Am.  Chem.  Soc.  192(5,  48,  724. 

3  Z.  physiol.  Chem.  1913,  86,  148. 

^  Compt.  rend.  1909,  148,  1526. 

®  Biochem.  Z.  1913,  67,  125. 

«  Compt.  rend.  1925,  180,  685. 
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Mineral  Constituents— Haskins,  in  his  compilation,  give 
position  of  the  ash  in  parts  per  thousand  of  the  gram.  Ca  culated 
the  ash  his  results  are  comparable  with  the  average  of  2  ear  y  ana  yses 
by  Von  Bibra^  as  shown  in  the  following  table: 


Composition  of  Buckwheat  Ash 


K,0 

Na20 

CaO 

MgO 

Fe203 

P2O5 

SO3 

Cl 

Haskins . 

% 

22.9 

23.07 

% 

5.9 

6.12 

% 

4.2 

3.30 

% 

12.7 

13.44 

% 

% 

48.3 

47.97 

% 

1.7 

2.09 

% 

1.7 

1.95 

2.09 

Von  Bibra . 

The  average  results  of  2  analyses  of  buckwheat  grits  by  Von  Bibra- 
are:  potash  25.44,  soda  5.88,  lime  2.30,  magnesia  12.90,  ferric  oxide 
1.80,  phosphoric  acid  48.11,  sulphuric  acid  1.68,  and  chlorine  1.91  per 
cent. 

Minor  Mineral  Constituents.  Zinc. — Whole  seed  11.8  mg.  per  kilo,  dry  basis 
(Bertrand  and  Benzon).® 

Iodine. — None  (Winterstein).'* 


TARTARY  BUCKWHEAT 

Fagopyrum  tartar icum  Gaertn.  =  F.  dentatum  Monch.  =  Polygonum  tar¬ 
tar  icum  L. 

Fn  Ble  noir  tartarique.  Ger.  Tartarischer  Buchweizen. 

This  species  is  little  grown  outside  of  its  Asiatic  habitat  but,  is  well 
adapted  to  mountainous  and  other  regions  where  the  season  is  short. 

MACROSCOPIC  STRUCTURE. — The  kernel  is  light  brown-gray, 
lusterless,  of  medium  size  (up  to  6  mm.  long),  and  is  distorted  in  shape 
because  of  an  irregular  short  tooth  on  one  or  more  of  the  angles  and  irreg¬ 
ularities  of  the  surface.  A  furrow  runs  through  the  middle  of  each 
face. 

1  Massachusetts  Agr.  Exp.  Sta.,  1919,  Spec.  Bui. 

2  Die  Getreidearten,  etc.  Niirnberg,  1860. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

^Z.  physiol.  Chem.  1918,  104,  54. 
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microscopic  structure. — According  to  Harz/  the  structure 
of  F .  tartaricurn  is  the  same  in  essential  details  as  F.  rotundatum  Babingt, 
which  he  describes. 

Pericarp. — In  two  details  this  differs  from  the  pericarp  of  common 
buckwheat:  (1)  the  epicarp  is  composed  of  a  rather  thick  layer  of  nearly 
isodiametric  cells  with  plain  (not  spirally  thickened)  walls  which  fit 
into  depressions  of  the  underlying  fibers  and  (2)  the  fibers  in  the  inner 
part  of  the  fiber  layer  are  longitudinally  arranged  and  consequently 
cross  those  of  the  outer  part  at  nearly  right  angles. 

Spermoderm,  Endosperm,  and  Embryo  as  in  common  buckwheat. 

Chief  Structural  Characters. — Kernel  brown-gray,  furrowed, 
more  irregular  in  shape  than  common  buckwheat. 

Kpicarp  without  spiral  reticulations;  fibers  longitudinally  arranged 
in  portions.  Otherwise  like  common  buckwheat. 

BLACK  BINDWEED 

Polygonutu  Convolvulus  L. 

Fr.  Renou6e.  Sp.  Correguela.  It.  Vilucchio.  Ger.  Windenknoterich. 

\\'ild  buckwheat,  another  common  name  for  this  plant,  is  appro¬ 
priate  because  of  the  similarity  of  the  leaf  and  achene  to  those  of  true 


Fia.  119. 


Fig.  120. 


Fig.  119. — Black  Bindweed.  I  kernel  with  calyx.  II  kernel  without  calyx. 


X5.  (A.L.W.) 

Fig.  120. — Black  Bindweed. 
Mes  mesocarp;  B  fibro- vascular 
X16.  (A.L.W.) 


Kernel  in  cross  section.  C  calyx;  Epi  epicarp; 
bundles;  S  spermoderm;  E  endosperm;  Em  embryo. 


buckwheat.  Its  climbing  habit,  whicli  enables  the  plant  to  climb  on 
the  stalk  of  wheat  and  other  grains,  is  suggested  by  the  name  bindweed. 

‘  Samenkunde.  Berlin,  1885,  p.  1 109. 
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As  much  as  29  per  cent  of  the  fruit  has  been  found  in  American  screenings. 
(Winton.)^  The  enormous  production  of  this  weed  in  Minnesota,  t  e 
Dakotas,  and  adjoining  regions  is  further  illustrated  by  a  single  ship¬ 
ment  of  a  thousand  tons,  separated  by  special  machinery  from  screenings, 
that  came  under  our  observation. 

MACROSCOPIC  STRUCTURE.— The  jet  black,  dull,  triangular 
fruit  (achene)  is  about  3  mm.  long  (Fig.  119,  II).  The  five-  to  six-lobed 
calyx  closely  invests  the  fruit  at  maturity  (Fig.  119,  I),  the  three  outer 
lobes  being  keeled  or  winged,  but  as  a  rule  is  largely  rubbed  off  in  thresh¬ 
ing,  screening,  and  handling  as  is  sometimes  also  true  of  the  pericarp. 
Closely  surrounding  the  seed  is  the  light  buff  or  colorless  spermoderm. 
A  cross  section  (Fig.  120)  shows  under  the  lens  a  bundle  (B)  in  each  angle 
and  in  the  center  of  each  face,  also  the  cotyledons  in  one  of  the  angles 
of  the  floury  endosperm  {Em). 

MICROSCOPIC  STRUCTURE. — Brief  mention  of  certain  tissues  is 
made  bv  Kraus.-  Winton^  describes  in  detail  the  tissues  of  the  calyx, 
fruit,  and  seed. 

Calyx  (Figs.  120  and  121,  C). — Three  layers  are  present:  (1)  outer  epi- 
derm  (aep)  each  cell  of  which  is  extended  so  as  to  form  a  blunt,  conical 
or  nipple-shaped  striated  papilla,  (2)  mesophyl  {m)  of  chlorophyl-bearing 
parenchyma  with  intercellular  spaces,  and  (3)  inner  epiderm  (iep)  of 
elongated  cells  more  or  less  wavy  in  outline  interspersed  with  stomata. 

Pericarp  (Fig.  121,  F). — Four  layers  are  present:  (1)  epicarp  (epi)  of 
radially  elongated  cells  greatly  thickened,  except  at  the  base,  with  deeply 
convoluted  walls  and  cuticular  warts  (w),  (2)  hypoderm  (hy)  of  somewhat 
elongated  thin-walled  cells,  (3)  niesocarp  made  up  of  parenchyma  (p), 
thickest  at  the  angles,  and  (4)  endocarp  {end),  usually  so  compressed  as  to 
show  no  details  of  structure. 

V 

The  epicarp  cells  are  100  /a  high  on  the  sides  and  somewhat  higher  at 
the  angles.  They  are  striking  both  in  cross  section  (Fig.  121,  epi)  and 
in  surface  view  (Figs.  122  and  123;  Fig.  124,  epi)  because  of  the  convo¬ 
lutions  of  the  walls  and  the  warts.  A  branch  of  the  cell  cavity  extends 
into  each  wart. 

Spermoderm  (Fig.  121,  N;  Fig.  125).— Three  layers  are  present  as 
in  buckwheat  but  the  middle  layer  is  different:  (1)  outer  epiderm  {ae)  of 
wavy-walled  longitudinally  elongated  cells,  (2)  detached  vermiform 
cross  cells  {q)  passing  into  isodiametric  forms  containing  chlorophyl 
contents,  and  (3)  inner  epiderm  {ie)  of  longitudinally  elongated  cells. 


1  Connecticut  Agr.  Exp.  Sta.  Rep.  1902,  p.  341. 

2  Jahrb.  wiss.  Bot.  (Pringsheim)  1866,  6,  83. 

1902,^p.  34(f^'  8-  Connecticut  Agr.  Exp.  Sta.  Rep. 
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The  cross  cells  correspond  to  the  spongy  parenchyma  of  buckwheat. 
Attention  is  directed  to  the  fact  that  cross  cells  form  a  spermoderm 
tissue  and  not,  as  in  the  cereals,  a  pericarp  tissue,  also  that  in  both  cases 
detached  cross  cells  and  spongy  parenchyma  replace  one  another,  being 
the  same  morphologically. 


Fig.  121.— Black  Bindweed.  Kernel  in  cross  section.  C  calyx:  aep  outer 
epiderm,  m  mesophyl,  iep  inner  epiderm.  F  pericarp:  epi  epicarp  with  w  warts, 
h,j  hypoderm,  p  niescocarp,  mU  endocarp.  S  spennoderm:  ae  outer  epiderm, 
^‘^cross  cells,  ie  inner  epiderm.  E  endosperm:  al  aleurone  cells,  s  starch  cells. 

XKiO.  (A.L.W.) 


Endosperm  (Fig.  121,  E;  Fig.  125).-Both  the  aleurone  cells  (al) 
and  the  starch  cells  (s),  as  well  as  the  starch  grains,  are  indistmguis  i- 

able  from  these  elements  in  common  buckwheat.  ,  .  i 

Embryo  (Fig.  120,  Em).— This  may  be  separated  by  soaking  the  seec 

for  some  days  in  sodium  hydroxide.  The  cotyledons  are  very  much 
narrower  than  in  buckwheat. 
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Chief  Structural  Characters —Seed  small;  triangular,  jet  black. 
Embryo  narrow,  in  angle. 

Epicarp  cells  radially  elongated,  thickened,  convoluted,  warty. 


Fig.  122. 


Fig.  123. 


Fig.  122. — Black  Bindweed.  Epicarp  in  surface  view  showing  cuticular  warts. 
X160.  (A.L.W.) 

Fig.  123. — Black  Bindweed.  Epicarp  in  tangential  section.  X160.  (A.L.W.) 


Spermoderm  with  cross  cells  instead  of  spongy  parenchyma, 
similar  to  buckwheat. 


Otherwise 


Fig.  124.  -Black  Bindweed.  Pericarp  in  surface  view  from  below:  cpi  epi(!arp 

/fi/ hypoderm,  p  mesocarp,  (7  fibro-vascular  bundle.  XI GO.  (A.L.W.) 

MICROSCOPY  OF  BLACK  BINDWEED  PRODUCTS.-- Flour 
which  would  rank  with  buckwheat  flour  in  value  doubtless  could  be 
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made  from  the  seed.  Identification  of  such  flour  would  depend  on  the 
cross  cells  or  possible  fragments  of  the  epicarp. 

At  one  time,  as  the  writers  have  found  in  the  course  of  official  inspec¬ 
tion  in  Connecticut,  a  product  made  from  black  bindweed,  containing 
the  black  hulls,  as  well  as  a  portion  at  least  of  the  starchy  matter,  was 
used  as  an  adulterant  of  black  pepper.  The  epicarp  with  its  warty, 
wavy-walled  cells  is  of  special  value  in  detecting  such  an  admixture 
whether  in  a  human  food  or  a  feed. 


i'lo.  125.— Black  Bindweed.  Seed  in  surface  view.  Spermoderm:  ae  outer 
epiderm,  q  cross  cells,  ie  inner  epiderm.  al  aleurone  cells  of  endosperm.  XH)0. 

(A.L.W.) 

CHEMICAL  COMPOSITION. — Analyses  by  Winton^  and  Kling - 
follow: 


Composition  ok  Black  Bindweed 


-  — - - - - ^ 

W'ater 

Protein 

Fat 

N-f.  ext. 

Fiber 

.\sh 

Winton .... 
Kling . 

% 

12.23 

10.88 

% 

9.12 

10.50 

% 

2.21 

2.12 

% 

65.96 

68.53 

% 

8.46 

6.37 

% 

2.02 

1.60 

1  Connecticut  Agr.  Exp.  Sta.  Rep.  1902,  p.  344. 

2  Landw.  Vers.-Stat.  1912,  78,  189. 
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SMARTWEED 

Polygonum  persicaria  L.  and  P .  penrisylvanicum  L. 

Fr.  Renou4e.  It.  Persicaria.  Ger.  Knoterich. 

In  addition  to  P.  Convolvulus  other  species  of  the  genus  growing  as 
weeds  in  grain  fields  yield  fruits  that  find  their  way  into  the  threshed 
grain  and  screenings.  The  two  species  named  above  are  American 

examples. 

MACROSCOPIC  STRUCTURE. — P.  persicaria  was  introduced 
from  Europe.  Usually  ihQ  fruits  are  flattened,  1.5  to  2  mm.  long  and 
1  to  1.5  mm.  wide,  smooth,  brown  or  black.  P.  pennsylvanicum,  a 
native  species,  has  fruits  3  to  3.5  mm.  long  and  2  to  2.5  mm.  wide,  lus¬ 
trous,  brown  or  black.  Triangular  fruits  also  occur  in  both  species. 

MICROSCOPIC  STRUCTURE. — Both  species  correspond  closely 
in  structure  with  black  bindweed  except  that  cuticular  warts  are  absent. 

Chief  Structural  Characters. — Seed  usually  flattened. 

Cuticular  warts  absent,  otherwise  like  black  bindweed. 

CURLED  DOCK 

Rumex  crispus  L. 

Fr.  Parelle  crispee.  Ger.  Krauser  Ampfer. 

This  species  of  Rumex  is  an  especially  troublesome  weed  as  it  is 
perennial  and  also  bears  numerous  seeds.  Although  a  native  of  Plurope 
it  grows  luxuriantly  in  the  Western  Hemisphere. 

MACROSCOPIC  STRUCTURE  (Fig.  126). — The  inflorescence  is  in 
heads  (panicled  racemes),  often  a  foot  or  more  long,  made  up  of  side 
branches  with  whorls  of  flowers  on  peduncles  of  different  lengths.  Of 
the  six  sepals  the  three  inner  further  develop  after  flowering  to  form  the 
“  valves  ”  enclosing  the  fruit;  the  three  outer  remain  small  and  spread¬ 
ing.  Each  valve  is  heart-shaped,  3  to  4  mm.  long,  reticulated,  with  a 
tubercle  grain  ”)  in  the  middle.  The  triangular  pointed  fruit  is  2 
mm.  long,  1.5  mm.  wide,  smooth,  lustrous,  of  a  uniform  medium  brown 
'color,  easily  separating  from  the  valves  on  threshing. 

A  cross  section  shows  that  bundles  occur  only  in  the  three  angles, 
that  the  endosperm  is  floury,  and  that  the  cotyledons  are  in  the  middle 
of  one  of  the  sides  with  the  line  of  separation  of  the  two  parallel  with 
that  side,  not,  as  in  black  bindweed,  in  one  of  the  angles. 
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MICROSCOPIC  STRUCTURE. — Kraus  ^  has  studied  this  species.  ^ 
Calyx. — The  outer  epiderrn  is  composed  of  cells  with  dcejdy  sinuous, 


Fig.  126. 


S 


E 


Fig.  126.— Curled  Dock.  fruit  showing  valves  with  tubercles.  Right: 

fruit  entire  and  in  cross  section.  X5.  (A.L.W.) 

Fig.  127.— Curled  Dock.  Fruit  in  cross  section.  F  pericarp:  ept  epicarp, 
pig  brown  cells  with /v  fibro-vascular  bundle.  S  spermoderm:  aep  outer  epiderm 
p  spongy  parenchyma,  iep  inner  epiderm.  E  endosperm:  al  aleurone  cells,  am  starch 

cells.  X 160.  (A.L.W .) 


moderately  thickened  walls,  much  like  those  of  the  pericarp  but  thinner- 

walled,  and  stomata.  Papillffi  arc  absent. 

Pericarp  (Fig.  127,  F).— Only  two  layers  are  noticeable,  the  endocarp 


Fig.  128. 


Fig.  129. 


T-  10Q  r.irlod  Dock.  Epicarp  in  surface  view.  X160.  (A.L.W  .) 

Fig.  128.  u  OppU  in  surface  view.  Spermoderm:  aep  outer^ 

'rSnS  P^:^.3  chUm  .^e..  ep.e™.  . 

epiderm  of  cotyledon.  XlbO.  (A.L.W.) 


obliterated*  (1)  colorless  epicarp  (epi),  similar 
::TL;TS  bindweed,  but  without  war.  -uells  often  tan.en- 

1  Tahrb.  wiss.  Bot.  (Pringsheim)  1866,  6,  8d. 
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tiallv  elongated,  the  thickened  sinuous  walls  in  surface  view  suggesting 
listines  (Fig.  128),  and  (2)  mcsoco.p  (pi,)  of  thin-walled  more  or  less 
elongated  cells  with  deep  brown  contents  soluble  in  sodium  hydroxide. 
The  absence  of  sclerenchyma  fibers  forming  a  hypoderm  is  rernarkable. 

Spermoderm  (Fig.  127,  S;  Fig.  129).-Three  layers,  analogous  to 
those  of  buckwheat  and  black  bindweed,  are  present:  (1)  outer  eptderm 
of  giant  cells  (aep)  with  deeply  sinuous  walls,  (2)  spongy  parenchyma  (p) 
consisting  mostly  of  cross  cells  with  small  intercellular  spaces,  and  (3) 
inner  epiderm  (iep)  of  longitudinally  elongated  cells  like  those  of  other 


members  of  the  family. 

The  cells  of  the  outer  epiderm  are  not  only  much  broader  and  longer 
than  those  of  buckwheat  and  black  bindweed  but  their  radial  diameter 


is  much  greater. 

Endosperm  and  Embryo. — Practically  the  same  as  in  buckwheat. 

Chief  Structural  Characters. — Fruit  small  (2  mm.),  pointed, 
triangular,  smooth,  uniform  medium  brown.  Embryo  in  middle  of 
one  side. 

Calyx  with  outer  epiderm  of  sinuous-walled  cells  but  no  papillse. 
Epicarp  of  sinuous-walled  cells;  fiber  layer  absent.  Spermoderm  with 
outer  epiderm  of  large  sinuous-walled  cells;  spongy  parenchyma  of 
transversely  elongated  cells.  Otherwise  similar  to  buckwheat. 


WEED  SEEDS  OF  THE  GOOSEFOOT  FAMILY 


(Che  nopod  iacese) 

Several  species  of  Chcnopodium  are  weeds  in  field  and  garden. 
Grain  often  contains  a  large  amount  of  the  seed  of  the  species  here 
described. 

The  garden  vegetables,  beets  and  spinach,  belonging  to  this  family, 
are  treated  in  Volume  II. 

LAMB’S-QUARTERS 


Chenopodium  album  L. 

Fr.  Anserine.  Sp.  Quenopodio.  Ger.  Gansefuss. 

Both  the  type  and  the  variety  viride  Moq.  occur  as  weeds  in  field  and 
garden  of  the  Old  World  and  (introduced)  in  the  New  World.  The  seed 
occurs  with  pigweed  seed  in  grain.  Because  of  their  small  size  and  dark 
color  the  two  are  hardly  distinguishable  to  the  naked  eye  and  are  col¬ 
lectively  known  as  pigweed  seed. 

MACROSCOPIC  STRUCTURE— The  plant  is  readily  distinguished 
from  pigweed  by  the  dusty  (not  hairy)  gray-green  foliage  and  the  rounded 

granular  masses  of  the  paniculate  heads. 

Unlike  those  of  pigweed,  the  fruit  and  seed  (lig.  130)  are  trans¬ 
versely  flattened,  the  fruit  is  enveloped  in  the  five-keeled  calyx  lobes  at 
maturity  and  the  pericarp  persists  as  a  dull  covering  of  the  black  seed. 
The  seed  itself  is  somewhat  larger  than  that  of  pigweed,  being  on  the 
average  1.5  mm.  in  diameter,  and  is  not  margined.  As  in  pigweed  the 

embryo  forms  a  ring  about  the  perisperm. 

MICROSCOPIC  STRUCTURE— Literature  on  the  microscopy  ot 

this  seed  is  lacking  although  beet  and  spinach  seeds  belonging  to  the 
same  family  have  been  studied  by  IlarzJ  'Phese  vegetables  are  quite 
like  lamb’s-quarters  and  pigweed  in  the  structure  of  the  inner  epic  erm 
of  the  spermoderm,  the  perisperm,  endosperm,  and  embryo,  but  ^ 
parts,  especially  the  outer  coats  of  the  spermoderm,  are  quite  different. 

1  Samenkunde.  Berlin,  1885,  pp.  1092-1098. 
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Calvx  (Fig.  131).— The  outer  epiderm  (aep\  aep^)  consists  of  thin- 
walled  cells  with  straight  or  gently  wavy  walls  stomata,  and  g'^ndu  ar 
hairs  Strikingly  different  are  the  cells  of  the  inner  epiderm  (t  p), 
which  are  elongated  in  various  directions  and  have  deeply  and  intn- 

cately  sinuous  walls.  . 

Pericarp. — This  is  characterless  in  structure,  excepting  e  epica  p 
(Fig.  132),  which  is  composed  of  isodiametric  or  somewhat  elongated 


Fig.  130.  Fig.  131. 


Fig.  130. — Lamb’s-quarters.  I  fruit  covered  iiy  calyx.  II  fruit  from  side. 
Ill  fruit  in  longitudinal  section  showing  pericarp  (white),  spermoderm  (black), 
radicle  sheathed  in  endosperm  (left),  perisperm  (center),  cotyledons  (right).  IV  fruit 
from  below.  V  fruit  in  cross  section  showing  embryo  coiled  about  perisperm.  X8. 
(A.L.W.) 

Fig.  131. — Lamb’s-quarters.  Calyx  in  surface  view,  aep^  outer  epiderm  near 
base  with  shrunken  glandular  hairs;  aep-  outer  epiderm  at  margin  with  glandular 
hairs;  fep  inner  epiderm.  X160.  (A.L.W.) 


cells  with  straight  or  gently  wavy  walls.  As  seen  in  cross  section  the 
outer  wall  is  convex. 

Spermoderm. — Although  of  the  same  general  structure  as  in  pig¬ 
weed  the  isodiametric  cells  of  the  outer  epiderm  (Fig.  133)  are  larger, 
being  on  the  average  50  p,  in  tangential  diameter,  reaching  a  maximum 
of  110  p,  and  50  p  in  radial  diameter;  also  the  stalactite-like  rods  are 
further  apart.  Since  there  is  no  margin  there  is  no  elongation  of  the 
cells  at  the  edges  but,  as  in  pigweed,  elongated  cells  occur  near  the 
hilum,  over  the  region  where  the  tips  of  radicle  and  cotyledons  meet. 
Pigmentation  of  this  layer  begins  earlier  than  in  pigweed  and  proceeds 
further.  When  seeds  reach  only  half  their  mature  size  they  are  deep 
black.  Fully  ripe  seeds  bleach  scarcely  at  all  when  soaked  in  1  :  1 
Javelle  water  two  days,  whereas  in  pigweed  they  bleach  overnight. 

Endosperm  and  Embryo  as  in  pigweed. 
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Perisperm. — The  starch  grains  are  minute  as  in  pigweed  but  they  are 
grouped  in  oval  or  rounded  aggregates  (Fig.  134). 

Chief  Structural  Characters. — As  the  seeds  of  pigweed  and 
lamb’s-quarters  occur  together  in  grain,  a  comparison  of  the  distinguish¬ 
ing  characters  is  desirable. 

Calyic. — Pigweed:  narrow,  spreading;  inner  epiderm  y/iih  moderately 
wavy  walls.  Lamb^s-quarters:  broad,  keeled  lobes  closing  over  fruit; 
inner  epiderm  deeply  and  intricately  sinuous. 

Pericarp. — Pigweed:  transverse  dehiscence,  upper  half  with  plumose 
stigmas  falling  a\Vay;  epicarp  cells  longitudinally  elongated  with  deeply 


Fig.  132. 


Fig.  133.  Fig.  134. 

Fig  132. — I^amb’s-quarters.  Epicarp  in  surface  view.  XlbO.  (A.L.1\.) 

Fia.  133.-Famb's-quartcrs.  Outer  epiderm  of  spermoderm  m  surface  view 

showing  transition  to  elongated  cells  at  the  hilum.  XlOO.  (A.L.lt .) 

Fia  134.— Lamb’s-quarters.  Cells  of  perisperm  showing  starch  grams  in  aggre¬ 
gates.  X300.  (A.L.W.) 


sinuous  walls  changing  at  dehiscence  line  to  transversely  elonpa 
with  straight  walls.  Lamb’s-quarters:  broad,  keeled  lobes  persis  mg 
as  skin  on  seed;  epicarp  cells  longitudinally  elongated  or  isodiametri  , 

walls  straight  or  slightly  wavy.  flattened 

Seed— Pigweed:  lenticular,  margined,  diameter  1  mm.,  flatte 

sides  vertical;  isodiamctric  outer  epiderm  cells  of  sperinoderm  average 

qn  maximum  GO  u;  starch  not  in  aggregates.  Lamb  s-quarters. 

“dlamciric  cdl.  av^n-  »)  H" 

f  tbor  nnart  than  in  pigweed;  starch  in  rounded  or  oval  aggregates. 

CHEMICAL  COMPOSITION— Maurizio,'  in  a  chapter  on  ccrea 
subSutes  utilized  for  food  in  Russia  during  famines,  gives  a  eompila- 

1  Getreide,  Mehl  und  Brot.  Berlin,  1903. 


LAMB'S-QUARTERS 


325 


tion  of  analyses  of  weed  seeds,  waste  products, 

them.  Analyses  by  Kapoustine,  Stephanowsky,  Soulmeneff,  and  L 
mann  showed  the  following  range  for  lamb’s-quarters,  calculated  to  t 
dry  basis:  protein  15.43  to  16.82,  fat  5.82  to  8.12,  nitrogen-free  extract 
47.72  to  49.98,  fiber  18.35  to  21.45,  and  ash  4.77  to  6.98  per  cent.  The 
high  protein  and  fat  content  and  the  low  starch  content  (as  showii  by  the 
nitrogen-free  extract)  are  due  to  the  relatively  large  embryo;  the  high 
fiber  content  is  due  to  the  relatively  thick  hull  with  perhaps  adhering 

chaff.  .  . 

The  seed  of  Chenopodium  quinoa  L.,  although  containing  a  bitter 

principle,  is  an  important  food  in  Chile  and  Bolivia  where  the  plant  is 
native.  Gonzalez^  gives  the  composition  as  follows;  water  12.5,  pro¬ 
tein  13.13,  starch  52.82,  cellulose  12.2,  and  ash  5.44  per  cent.  The  ash 
contained;  potash  38.86,  lime  3.01,  magnesia  11.53,  ferric  oxide  1.87, 
phosphoric  acid  41.05,  and  silica  1.48  per  cent.  He  states  that  the  bitter 
principle  is  saponin.  According  to  Lubsen,^  the  plant  was  cultivated  in 
Germany  during  the  World  War.  The  bitter  taste  may  be  removed  by 
boiling  water.  An  analysis  of  the  seed  gave:  water  15.5,  protein  17.2, 
fat  4.9,  starch  48.7,  cellulose  1.8,  and  ash  5.5  per  cent.  Saponin  was 
found  to  be  present,  but  whether  this  was  the  bitter  principle  was  not 
determined. 


1  Investigacion  del  Chenopodium  quinoa.  La  Paz,  Bolivia,  2  ed.,  1917. 

2  Pharm.  Weekbl.  1918,  66,  887. 


WEED  SEEDS  OF  THE  AMARANTH  FAMILY 


{Amarantacese) 

This  small  family,  closely  related  to  the  goosefoot  family,  is  of 
interest  chiefly  because  of  a  number  of  weeds  belonging  to  the  genus 
Attiortititus  of  which  one  is  here  described.  At  least  one  species  is  used 
as  greens  in  the  Orient. 


PIGWEED 


Amarantus  rdrojlexus  L. 

Fr.  Amarante.  Oer.  Fuchsschwanz. 

Pigweed,  also  known  as  red-root,  and  lamb’s-quarters,  plants  of  two 
closely  related  genera,  natives  of  the  Old  World,  now  infest  grain  fields 
and  gardens  the  world  over.  Both  have  seeds  so  small  as  to  permit  their 
removal  from  grain  bv  sieves  with  meshes  too  fine  to  allow  the  grain  to 
pass.  Cargoes  and  carloads,  consisting  chiefly  of  these  fine  seeds,  are 
handled  in  the  grain  centers  of  the  Uniteil  States  and  Canada  for  use 
in  cattle  foods.  By  grinding  them  to  a  fine  powder  danger  of  disseminat¬ 
ing  a  noxious  weed  seed  is  obviated.  .  ,  .  . 

In  China  the  young  plant  of  pigweed  or  a  closely  allied  species  is 
valued  as  a  vegetable.  It  is  also  grown  for  this  purpose  in  the  United 
States  by  gardeners  supplying  the  Chinese  colonies. 

MACROSCOPIC  STRUCTURE  (Pig.  135).— The  ploid  is  or 

less  hairy  the  green  or  reddish  dense  branched  spikes  are  crowded 
together  in  close  panicles.  The  five  narrow  sepals  persist  at  maturity 
aAhe  base  of  the  one-sceded  fruit.  As  a  result  of  splitting  through 
a  transverse  line  of  dehiscence,  the  upper  part  of  the  dry  pericarp  sep¬ 
arates  as  a  crown-like  cap  with  three  spreading  plumose  stigmas. 

The  campylotropous  seed,  thus  liberated,  is  lenticular,  1  mm.  in  cham- 
eter  margined  smooth,  black,  and  lustrous.  It  stands  on  edge  m  h 

•  r.  Sections  cut  through  the  margin  show  under  a  lens  t 

the  radicle  of  which  is  encased  in  a  thin 
curved  so  as  to  form  a  ring  about  the  starchy  perispe  . 
cotyledons  are  about  the  same  length  as  the  radicle. 


PIGWEED 


327 


MICROSCOPIC  STRUCTURE— Since  at  harvest  time  some  of  the 
seeds  are  not  mature  and  are  still  encased  in  the  calyx  and  pericarp,  t  e 
structure  of  these  parts,  as  well  as  the  seed,  should  be  understood. 

Calyx  (Fig.  136).— The  outer-epiderm  (aep)  consists  of  longitudinally 
elongated  cells  which,  except  at  the  base,  parts  of  the  edge,  and  the  very 
tip,  have  wavy  walls.  Near  the  base  at  the  edges  occur  one-  to  several- 
celled  hairs  (<).  The  inner  epiderm  is  much  like  the  outer  epiderm  except 
that  the  walls  are  not  wavy. 

Pericarp  (Fig.  137).— Both  epicarp  (aep)  and  endocarp  consist  ot 
more  or  less  longitudinally  elongated  cells  with  strongly  sinuous  walls, 


Fig.  135. 


Fig.  136. 


Fig.  137. 


F^ig.  135. — Pigweed.  I  calyx  and  bottom  of  pericarp.  II  whole  seed.  Ill  top 
of  pericarp  with  stigmas.  IV  seed  in  longitudinal  section  showing  embryo,  with 
radicle  sheathed  by  endosperm,  curved  about  perisperm.  V  seed  in  cross  section. 
VI  whole  seed  from  below.  X8.  (A.L.W.) 

Fig.  136.  Pigweed.  Calyx  in  surface  view,  aep  outer  epiderm  at  margin 
near  tip;  ^  hairs  from  margin  near  base.  X160.  (A.L.W.) 

Fig.  137.  Pigweed.  Pericarp  in  surface  view,  aep  epicarp  showing  transitions 
at  line  of  dehiscence  from  wavy-walled  to  narrow  straight-walled  cells;  t  hairs  from 
stigma.  X160.  (A.L.W.) 


passing,  at  the  dehiscence  line  in  both  base  and  cap,  into  transversely 
elongated  cells  with  straight  walls.  Jointed  hairs  (t),  often  with  glan¬ 
dular  tips,  occur  on  the  stigmas. 

Spermoderm  (Fig.  138,  >S;  Fig.  139).— Cross  sections  of  the  seed, 
held  m  cork,  may  be  cut  with  a  Gillette  blade.  Soaking  whole  seeds 
for  a  day  or  two  in  1  :  1  Javelle  water  bleaches  the  outer  epiderm  and 
permits  the  removal  entire  of  the  embryo  and  endosperm.  Staining 
with  chlorzinc  iodine  or  safranin  differentiates  the  tissues 

Three  layers  are  present,  the  first  and  third  being  characteristic: 
(1)  Older  epulevfn  (aep),  composed  of  isodiametric  cells  except  at  the 
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margins  and  near  the  hilum  where  they  are  elongated,  with  stalactite¬ 
like  rods  in  the  greatly  thickened  outer  tangential  walls,  (2)  middle 
layer  (p)  of  parenchyma,  compressed  in  the  dry  seed,  and  (3)  inner 
epiderm  (iep)  of  netted  cells  with  siiiral-or  spiral-reticulated  thickenings. 

The  outer  epklcrm  is  studied  with  difficulty  in  cross  sections  of  the 
mature  seed  ow'ing  to  the  black  pigment  and  collapsed  inner  and  side 
walls.  Treatment  of  carefully  prepared  sections  with  Javelle  water  to 
bleach  and  expand  the  tissues  and  chlorzinc  iodine  to  stain  them  brings 
out  the  structure,  the  rods  staining  dark  blue  and  the  meshes  about  them 
light  blue.  At  the  margin  the  elongation  of  the  cells  follows  along  the 
curve  of  the  circumference;  at  the  hilum  it  extends  from  the  center 


Fig.  138. 


Fig.  130. 


Fig.  138.— Pigweed.  Seed  in  cross  .section.  S  si)ermodcrm :  aep  outer  epiderrn 
with  thickened  outer  walls,  p  parenchyma,  iep  inner  epiderrn 

thickenings.  N  perisperm  with  masses  of  minute  starch  grams.  ‘  ", 

FrTsO.-Pi^weed.  Elements  of  seed  in  surface  view.  N  outer  layer  of 
I^risperm;  E  enrlosperm;  K  epiderrn  of  radicle;  C  epiderrn  of  cotyledon, 
reference  letters  as  in  Fig.  138.  XlOO.  (A.L.t\  .) 


toward  the  margin  over  the  surface  depression.  Ihe  average  g 
the  layer  is  about  00  g,  the  average  diameter  of  the  isodiametn 
as  seen  in  surface  view  is  about  30  g,  and  the  maximum  diameter  0  g. 

'The  inner  epiderrn  resembles  that  of  the  strawberry  spermoderm. 
At  the  edges  of  the  seed  the  spiral  thickenings  are  most  distinc  .  C 
^Inrhidine  treatment  brings  out  an  inner  cuticle  often  having  radial 
walls  of  the  outer  layer  of  t he  perisperm  attached  to  i  s 
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occur  in  the  perisperm  of  pepper.  Measured  in  the  masses  their  maxi- 
mu.n  si^e  is  2  , ;  tlreir  average  size,  1  m  or  less.  When  isolated  the  Brown- 

ian  movement  prevents  accurate  measurement.  ...  -  xu 

Endosperm  (Fig.  139,  jF).— Starch-free  aleurone  cells  constitute  the 

thin  endosperm  which  caps  the  radicle.  ,  .  i  i 

Embryo— The  outer  epiderms  of  radicle  (Fig.  139,  R)  and  cotyledons 

(C)  consist  of  larger  and  smaller  cells,  some  of  the  latter  developing 
later  into  stomata.  Cross  sections  of  the  radicle  show  an  outer  zone 
of  periblem  and  an  inner  plerome  cylinder  of  smaller  cells.  Delicate  pro- 
cambiun  bundles  pass  through  the  cotyledons. 

Chief  Structural  Characters.  See  Lamb’s-quarters. 
CHEMICAL  COMPOSITION.— A  study  of  the  composition  of 
pigweed  seed  has  been  carried  out  by  Harding  and  Egge.i  Seeds  were 
stripped  from  plants  growing  in  southern  IVIinnesota  and  cleaned  free  of 
chaff  and  other  foreign  matter.  About  75  per  cent  of  the  seeds  were 
black  and  fully  mature;  the  remainder  were  red  and  more  or  less  imma¬ 
ture.  Analysis  yielded  the  following  results:  water  8.60,  protein  19.13, 
fat  7.24,  reducing  sugar  trace,  sugar  after  inversion  calculated  as  sucrose 
2.15,  hemicellulose  (“  starch  ”  by  acid  conversion  minus  starch  by  dias¬ 
tase)  7.59,  starch  by  diastase  33.39,  fiber  10.92,  ash  4.46,  and  tannin  and 
other  undetermined  constituents  by  difference  6.52  per  cent. 

1 J.  Tnd.  Eng.  Chem.  1918,  10,  529. 


WEED  SEEDS  OF  THE  PINK  FAMILY 


{Canjophyllacex) 


Numerous  species  belonp;inp:  to  this  family  are  garden  flowers  and 
some  are  troublesome  weeds,  the  seeds  of  which  occur  in  grain.  The 
seeds  are  rich  in  starch  but  are  regarded  as  injurious  even  to  animals 
because  of  the  presence  of  saponins  although  more  evidence  on  this  point 
is  desirable. 


COMPARATIVE  MACROSCOPIC  STRUCTURE— The  sepals  and 
petals  (if  present)  each  number  four  or  five,  the  sepals  often  being  grown 
together  at  the  base.  Usually  the  pod  is  one-celled  and  many-seeded, 
campy  lot  ropous  seeds  being  borne  on  a  central  placenta.  In  most  of 
the  species  the  embryo  and  its  sheath  of  endosperm  are  curved  about  the 
bulky  perisperm,  making  the  seed  kidney-  or  snail-shaped.  The  color, 
size,  and  shape  of  the  seeds,  characters  of  importance  in  diagnosis,  are  as 
follows:  Lychnis  Githogo  (corn  cockle)  dark  brown,  3  to  4  mm.,  kidney¬ 
shaped,  ver^”  rough;  L.  alba  (white  cockle)  light  blue-gray,  1  mm., 
kidney-shaped,  rough;  Saponaria  Vaccaria  (cow  cockle)  black,  2  to  3 
mm.,  round,  smooth;  S.  officinalis  (soapwort)  black,  1.8  to  2.2  mm., 
kidney-shaped,  rough;  Silene  nocti flora  (night-flowering  catchfly)  gray- 
brown,  1  to  1.5  mm.,  kidney-shaped,  rough;  S.  Cucubalus  (bladder 
campion)  gray-brown,  1  to  1.5  mm.,  kidney-shaped,  rough;  Spergula 
arvensis  L.  (common  spurrey)  dark  brown,  1  to  1.5  mm.,  flattened- 

globular  with  light-colored  narrow  margin. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— The  seeds  of 


the  various  genera  are  more  or  less  similar. 

Spermoderm.— Only  the  outer  epiderm  is  conspicuous.  The  cells  are 

commonly  brown  or  black,  thick-walled,  and  extended  outward  to  form 
slight  dome-like  elevations  (cow  cockle,  soapwort)  or  papdl*  which  may 
be  long,  conical  or  club-shaped,  (com  cockle,  bladder  campion),  or  sior 
(white  cockle,  night-flowering  catchfly).  In  surface  view  the  cells  are 
jagged  in  outline.  Minute  warts  cover  the  surface  of  all  the  seeds  hwe 
described  except  cow  cockle  and  soapwort.  The  inner  ept  er 
cockle  has  distinct  spiral-reticulations  which  are  absent  or  in  is  in 

Per^per'r-^'xhe  perisperm  is  packed  with  minute 
united  into  oval  or  elongated  aggregates.  In  white  cockle  and  bl.idder 
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campion  the  starch  grains  reach  4  m,  in  night-flowering  catc  y  •  M, 
in  soapwort,  cow  cockle  and  common  spurrey  2  m,  whereas  in  corn  coc 
they  seldom  exceed  1  ix.  Distinct  spiral-reticulations  are  evident  on  the 
cells  of  the  outer  perisperm  of  corn  cockle  and  cow  cockle  on  removal  ot 
the  starch  by  sodium  hydroxide  or  heating  with  chloral  hydrate. 

Endosperm  and  Embryo.  Both  are  starch-free. 

COMPARATIVE  CHEMICAL  COMPOSITION.— Analyses  of  corn 
cockle  show  somewhat  more  protein,  fat,  fiber,  and  ash  and  less  nitrogen- 
free  extract  than  wheat  of  average  composition.  No  proximate  analyses 
of  other  members  of  the  group  and  no  ash  analyses  of  any  seeds  of  the 


family  are  available. 

Githagin,  a  supposedly  toxic  substance,  occurs  in  cockle,  and  this 
or  a  related  saponin  may  be  present  in  other  members  of  the  group. 


CORN  COCKLE 

Agrostenmia  Githago  L.  =  Lychnis  Githago  Lam. 

Fr.  Nielle  des  bles.  It.  Gettaione.  Ger.  Kornrade. 

Hanausek,  Moeller,  Schimper,  and  other  European  authors  name 
corn  cockle  as  the  most  common  weed  seed  in  grain.  Among  American 
authors,  Oswald  ^  states  that  it  is  the  most  common  weed  seed  in  wheat 
owing  to  the  difficulty  of  separation.  It  was  present  in  43  per  cent  of 
the  samples  of  seed  wheat  examined  by  him  in  1910  and  1911,  this  per¬ 
centage  being  greater  than  that  for  any  other  weed  seed.  Wilson^ 
and  Selby  ^  refer  to  its  frequent  occurrence  and  the  difficulty  of  removal 
from  grain. 

Figures  are  not  available  as  to  the  actual  percentages  of  cockle  in 
unpurified  threshed  grain,  but  the  fact  that  cockle  is  a  minor  though 
frequent  constituent  of  screenings  would  of  itself  indicate  that  other 
weed  seeds  are  produced  in  greater  amount,  the  stress  laid  on  cockle 
being  because  of  the  difficulty  of  its  removal  and  the  belief  that  because 
of  the  presence  of  githagin  (sapotoxin,  agrostemin),  a  glucoside  of  the 
saponin  group,  it  is  injurious  to  health. 

Among  weeds  in  general,  corn  cockle  is  by  no  means  the  most  trouble¬ 
some.  BeaH  states:  “  In  no  sense  a  weed  except  in  wheat,”  and  Cox^ 
does  not  list  it  among  the  fifty  worst  weeds  in  the  United  States. 

'  Minnesota  Agr.  Exp.  Sta.  1912,  Bui.  127,  147, 

2  Ibid.  1906,  Bui.  96,  214. 

^  Ohio  Agr.  Exp.  Sta.  1906,  Bui.  176,  323. 

'  Michigan  Agr.  Exp.  Sta.  1910,  Bui.  260,  128. 

^  E.  S.  Dept.  Agr.  1922,  Farm.  Bui.  660  rev.  29. 
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The  plant  is  a  native  of  Europe  and  was  introduced  into  the  United 
States  in  seed  grain. 

MACROSCOPIC  STRUCTURE. — The  calyx,  below,  consists  of  a 
ten-ribbed  tube,  2  to  2.5  cm.  long,  and  above,  of  five  narrow,  pointed 
,  leaf-like  lobes  about  equaling  the  tube,  each  lobe  with  a  central  rib  and 
two  marginal  ribs  resulting  from  the  splitting  of  the  tube  ribs,  the  whole 
persisting  after  the  five  somewhat  shorter  rose-red  petals  fall.  The 
ovary  ripens  into  a  capsule,  somewhat  longer  than  the  calyx  tube,  with  a 
short  central  placenta  on  which  are  borne  the  numerous  seeds  at  the 
ends  of  thread-like  funiculi  of  difYerent  lengths. 

Characteristic  of  the  campylotropous  seed  (Fig.  140)  are  its  size 
(3  to  4  mm.),  its  irregular  kidney  shape,  its  dark  brown  color  and  the 

rows  of  coarse  tooth-like  papillse 


which  roughen  the  surface.  A 
longitudinal  section  cut  through 
the  center  of  the  embryo  shows 
that  the  latter  is  coiled  about  the 
central  perisperm,  the  hilum  being 
where  radicle  and  cotyledons 


Fio.  140.— Corn  Cockle.  I  whole  seed.  II  ,  TT.nnI  «;mkintT  a  Secd 

seed  in  longitudinal  section:  .S  spermoderm;  E  nearly  inect.  ‘  S  ^ 

endosperm;  R  radicle;  C  cotyledons;  .V  peri 
sperm.  X  8.  (.\.n.V' .) 


for  some  days  in  sodium  hydroxide 
the  brown  spermoderm  and  the 
embrvo  with  the  thin  endospenn  forming  a  cap  on  the  radicle,  may 

be  separated.  ,  .  ,  ,  u 

MICROSCOPIC  STRUCTURE.— Harz  in  “  Landwirthcchaftliche 

Samenkunde,”  published  in  188.5,  describes  in  detail  the  inorpholow 
and  histology  of  corn  cockle  as  seen  in  cross  section.  Although  m  this 
seed  as  in  others  throughout  his  book,  the  appearance  in  surface  view  is 
not  noted,  he  brings  out  the  following  fundamental  points  quite  over¬ 
looked  by  later  authors  so  far  as  we  have  observed:  (1)  that  the  stare  ly 

tissue  of  this  as  well  as  all  other  caryophyllaccous  seeds  sUidied  by 

him  is  perisperm  and  not  endosperm  as  commonly  stated,  (2) 

outer  layers  of  this  perisperm  have  spirally  reticulated  ^  ^ 

that  the  emlosperm  is  represented  by  a  sheath,  at  most  a  few  cel  s  tl  ck, 

over  the  end  of  the  radicle.  Moeller  ‘  evidently  saw  the  spiral  retici 

lations  but  inferred  that  they  belonged  to  the  inner  cpnlerm  o  the  sper- 

moderm,  and  Vogl^  considered  them  as 

of  Dcrisperm,  the  remainder  having  disappeand. 

othL  who  have  accepted  their  conclusions  have  regarded  the  rue  p 

Mikroskopie  Nahr.-Gem..s.sm.  1  1886  p.  162;  2  .\ua.  1905,  p.  217. 


2  Wicht.  Nahr.-Genussm.  Berlin,  1890,  p.  39. 
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ispcrm  of  Harz  as  endosperm  and  make  no  mention  of  the  true  endosperm 

Harz  found  that  the  general  structure  not  only  of  all  the  cary  - 
phvllaceous  seeds  studied  by  him  but  also  of  the  seeds  of  Phytolacca 
(Phytolaccacex),  as  xvell  as  of  beet  and  spinach  (C/icnopodmee*)  is  the 
same  to  the  extent  that  the  starchy  portion  is  pensperm  and  the  non- 
starchy  radicle  sheath  of  the  curved  embryo  is  endosperm.  All  this 
appears  to  be  logical  and  consistent,  but  his  assumption  that  the  aleurone 
layer  and  starchy  parenchyma  of  buckwheat  and  other  polygonaceous 
seeds  is  perisperm  is  unwarranted  since  in  these  we  find  no  correspond- 
ing  radicle  sheath  that 
could  be  classed  as 
endosperm,  while  the 
aleurone  layer  and  the 
starchy  parenchyma 
with  grains  of  consider¬ 
able  size  have  all  the 
characters  of  endosperm. 

If  the  structure  of 
the  seed  be  regarded  as 
fundamental  in  classifi¬ 
cation,  the  polypetalous 
Caryophyllacex  are 
closely  related  to  the 
apetalous  Chenopodi- 
acex  and  Amarantacese, 

,1  ,  .  ,1  .  Fig.  141. — Corn  Cockle.  Seed  in  cross  section.  S  spermo- 

US  Warran  mg  eir  outer  epiderm  with  w  cuticular  wart,  p  compressed 

inclusion  in  the  group  parenchyma,  and  iep  inner  epiderm  with  cuticle.  C  cotyl- 
Curvembryse  Schnitzl,  «  pensperm  with  reticul^.ted  celU 

^  *  am  masses  of  starch  grains.  XloO.  (A.L.W.) 

although  our  usual  clas¬ 
sification  separates  them  widely;  on  the  other  hand  the  Polygonacex 
seems  far  removed  from  the  Chenopodiacex  and  the  Amarantacese, 
although  commonly  regarded  as  closely  allied. 

Spermoderm  (Fig.  141,  S;  Fig.  142).— For  study  in  surface  view,  the 
coloring  matter  should  be  removed  by  heating  with  sodium  hydroxide 
or  bleaching  with  Javelle  water.  Three  layers  are  present:  (1)  outer 
epiderm  {aep)  of  huge  brown  cells,  wavy  in  contour  with  enormously 
thickened  walls  extended  beyond  the  surface  as  warty,  blunt  conical  or 
club-shaped  papillae,  (2)  brown  parenchyma  (p),  more  or  less  spongy  or 
irregular  forming  a  collapsed  tissue,  and  (3)  inner  epiderm  {iep),  also  col- 
lapsed,  of  thin,  straight-walled,  often  elongated  but  not  reticulated  cells. 


am 
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Of  these  only  the  outer  epiderm  is  conspicuous,  the  warty  papillae 
being  more  pronounced  than  in  the  other  common  members  of  the  group. 
The  middle  layers  of  parenchyma  are  somewhat  confused  and  not  easily 
distinguished  from  the  inner  epiderm.  Spiral-reticulated  markings  of 
the  inner  epiderm  are  not  evident,  furnishing  a  distinction  from  cow  cockle. 

Perisperm  (Figs.  141  and  143,  N). — On  treatment  with  sodium  ‘ 
hydroxide  or  chloral  hydrate,  spiral-reticulated  markings  of  the  outer 
cells  are  evident  both  in  surface  view  and  cross  sections.  The  largest 
of  the  minute  starch  grains  measures  scarcely  over  1  ijl,  their  accurate 


p 


Fig  142— Corn  Cockle.  Spermoderm  in  surface  view,  aep  outer 
si«,nKy  purenchynia  of  8ul.ei.i<leimal  layers;  fep  inner  epiderm.  -  X 160. 


epiderm; 

(A.L.W.) 


measurement  when  free  being  difficult  owing  to  the  lively  Brownian 
movement.  Many  of  them  are  consolidated  m  much  elongated  oval 

or  club-shaped  aggregates.  ...... 

Endosperm  (Fig.  143,  i;).-At  the  thickest  part  the  tissue  is  only  a  few 
cells  thick.  The  cells  resemble  the  aleurone  cells  of  the  cereals,  having 
rather  thick  walls  and  finely  granular  contents  free  from  stare  .  . 

Embryo  (Figs.  141  and  143).-Throughout,  the  cells  are  thin-walled 

and  the  contents  are  non-starchy.  The  cpfdem 

radicle  (R)  is  made  up  of  cells  of  uniform  size,  those  of  the  cotyledoi  (  ) 
of  large  and  small  cells,  the  latter  later  developing  into  stomata  The 
Lribkm  of  the  radicle  is  of  collenchyma  surrounding  the  small-celled 
plerome  cylinder.  In  the  cotyledons  procambtum  bundles  are  recogniz 
in  cross  section  by  their  small  size. 
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Chief  Structural  Characters.— Seed  very  rough,  dark  brown, 
irregularly  kidney-shaped,  3  to  4  mm.,  larger  than  other  common  seeds 
of  the  family.  Embryo,  with  radicle  sheathed  by  endosperm,  coiled 

about  perisperm.  i  .u-  i 

Outer  epiderm  of  spermoderm  warty  with  dark  brown,  much  thick¬ 
ened,  wavy  walls  and  club-shaped  or  blunt  conical  papillse.  Perisperm 
with  spirally  reticulated  outer  cells  and  '  ^ 
minute  (1m)  starch  grains  in  elongated 
aggregates. 

CHEMICAL  COMPOSITION.— Of  a 

number  of  analyses  of  corn  cockle  those 
published  by  Klein  (Harz),^  Lehmann  and 
Mori,2  and  Kling  ^  suffice  to  show  its 
composition.  See  table  on  following  page. 

Notwithstanding  the  hull,  which  con¬ 
tributes  a  high  fiber  content,  the  relatively 
large  starch-free  embryo  is  reflected  in 
moderately  high  percentages  of  protein 
and  fat. 

Saponin. — Agrostemma-sapotoxin,  also 
known  as  agrostemmin  and  githagin,  was 
found  by  Christophsohn"^  in  corn  cockle 
to  the  extent  of  6.51  per  cent.  Kruskal^ 
decided  that  its  formula  is  C17H26O10  +  H2O 
or  C17H28O11.  Saenger®  carried  out  further 
studies.  Brandi,^  in  purifying  the  saponin, 
obtained  agrostemmic  acid  which  made  up 
6  to  7  per  cent  of  the  crude  substance.  This  acid  on  hydrol3"sis  yields 
sapogenin,  C35H54O10. 

Opinions  differ  as  to  the  toxicity  of  this  saponin.  Pusch  considers 
cockle  under  some  conditions  injurious,  but  animals  soon  become 
accustomed  to  it.  Young  animals  are  more  susceptible  than  old. 
Grown  cattle,  sheep,  and  rodents  are  little  affected;  calves,  swine,  and 
horses  are  more  or  less  susceptible.  Whether  fowls  are  affected  seems 
doubtful. 


Fig.  143. — Corn  Cockle.  Ele¬ 
ments  of  inner  portion  of  seed  in 
surface  view.  N  outer  layer  of  peri¬ 
sperm;  E  endosperm;  C  outer  epi¬ 
derm  of  cotyledon;  R  epiderm  of 
radicle.  XIGO.  (A.L.W.) 


1  Landw.  Samenkunde.  Berlin,  1885,  p.  1078. 

2  Arch.  Hyg.  1889,  9,  257. 

2  Landw.  Vers.-Stat.  1912,  78,  189. 

^  Dis.  Dorpat,  1874. 


®  Arb.  Dorpat  Pharm.  Inst.  1891,  6,  105. 
®  Dis.  Miinchen,  1904. 


^  Landw.  Vers.-Stat.  1910,  72,  326; 


Arch.  Exp.  Path.  Pharm.  1908,  69,  224. 
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Composition  of  Corn  Cockle 


Water 

Protein 

Fat 

Saponin 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

/o 

% 

% 

Klein . 

10.9 

15.0 

0.7 

03 

.1 

3.7 

lachmann  and  Mori; 

As  produced . 

11.5 

14.5 

7.1 

0.5 

47.9 

8.2 

4.0 

Saponin-free . 

11.5 

15.3 

0.8 

51.2 

8.0 

4.3 

K 1  i  n  tr  . 

11.2 

16.1 

5.9 

57.0 

0.3 

3  3 

Extensive  feeding;  experiments  by  Korniiuth  and  Arche  ^  indicated 
that  the  toxic  action  of  corn  cockle  has  been  exaggerated.  They  regard 
it  a  valuable  and  harmless  food  for  growing  pigs. 


BLADDER  CAMPION 

Silenc  Cucuhalus  Wibel  =  >S.  latifolia  Brit,  et  Rendle  =  >S.  injlata  Smith 

Fr.  Sil6n6e  gonfl6c.  Ger.  Taubenkropf-Nelke. 

Once  an  ornamental,  this  plant,  a  native  of  Europe,  is  now  a  cosmo¬ 
politan  \vced.  It  is  a  perennial  and  the  young  shoots  are  said  to  he 
oaten  like  asparagus  in  England  (Bailey).  Harz  ^  describes  the  fruit 
and  secrl  and  states  that  the  plant  is  grown  for  fodder.  In  the  United 
States  the  seed  does  not  now  appear  to  occur  in  gram,  although  its 
abundance  in  the  writers’  section  forbodes  trouble  in  the  future. 

MACROSCOPIC  STRUCTURE.— Characteristic  is  the  inflated 
calux  with  tube  1.5  cm.  long,  ending  in  five  teeth,  1  cm.  long.  Five 
main  calyx  ribs  extend  into  the  teeth  with  three  smaller  ones  on  each 
face  making  a  total  of  twenty.  Their  green  color  on  t>i«  'jhite  back¬ 
ground  is  striking.  The  five  white  or  pink  petals  are  two  <='efk  Num 
Ls  gray-brown,  rough  seeds,  1  to  1.2  mm.,  are  borne  on  the  central 

’’''^MICROSCOPIC  STRUCTURE.— The  outer  epidermal  cells  of  the 
spermoderm  are  not  so  deeply  pigmente.l  as  are  those  of  corn  cock  c 
nor  do  papillffi  reach  such  length  but  otherwise  are  similar.  I  st. 

C..AUXCTKUS.-Seed  gray-brown,  rough,  kidney- 

‘^'Triimode™  Tilar  to  that  of  corn  cockle.  Starch  grains  up  to  4  g. 

1  Landw.  Vers.-Stat.  1802,  40,  177. 

2  Samenkunde.  Berlin,  1885,  p.  1079. 
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Saponaria  Vaccaria  L.  =  Vaccaria  vulgaris  Host.  =  V.  parviflora 
Monch.  =  V.  'pyramidata  Wett.  =  Lychnis  Vaccaria  Scop. 

Ger.  Kuhkraut. 


In  Europe,  its  native  habitat,  cow  cockle,  or  cow  herb,  ranks  among 
I  the  most  troublesome  weeds  in  grain  fields.  Beal  ^  states  that  it  is  a 
;  very  troublesome  annual  in  Spring  wheat  of  Michigan,  but  most  of  the 
I  weed  bulletins  of  the  American  Experiment  Stations  ignore  it;  it  is, 
however,  included  in  the  second  series  (each  series  of  twenty-four  seeds) 


of  weed  seeds  distributed  by  the  Minnesota  Station. 

MACROSCOPIC  STRUCTURE— The  seed  is  quite  evenly  rounded, 
2  to  3  mm.  in  diameter,  black,  smooth  but  dull  to  the  naked  eye,  and 
faintly  roughened  under  a  lens.  The  arrangement  of  endosperm, 
embryo,  and  perisperm  is  as  in  corn  cockle. 

MICROSCOPIC  STRUCTURE.— Most  of  the  authors  have  confined 


their  attention  to  the  outer  epiderm; 
tissues  and  devotes  an  entire  page  to 
illustrations.  As  in  the  case  of  corn 
cockle,  he  considers  the  starchy  tissue 
to  be  endosperm  and  overlooks  the 
true  endosperm  covering  the  tip  of 
the  radicle.  He  pictures  spiral  cells 
and  describes  them  as  remnants  of 
the  perisperm. 

Spermoderm. — Owing  to  the  black 
color  little  detail  is  evident  in  surface 
view  even  after  treatment  with  so¬ 
dium  hydroxide.  On  bleaching  with 


Vogl,“  however,  describes  other 


Fig.  144. — Cow  Cockle.  Outer  epiderm 
of  seed  in  surface  view.  X  100.  (A.L.W.) 


Javelle  water  for  a  short  time  the  structure  of  the  outer  epiderm  (Fig. 
144)  is  clearly  evident.  This  has  deeply  sinuous  walls,  much  as  in 
corn  cockle,  but  the  walls  are  only  moderately  thickened  and  the  outer 
wall  is  merely  convex  without  being  extended  into  papillae;  furthermore, 
warts  are  absent. 


The  inner  epiderm  is  a  yellow  tissue  with  polygonal,  isodiametric 
or  somewhat  elongated  cells  remarkable  for  the  spiral-reticulated  thick¬ 
ening  of  the  walls,  a  peculiarity  which  if  present  in  any  other  seeds  of 
the  group  here  described  is  not  conspicuous.  In  this  detail  cow  cockle 
agrees  with  the  seeds  of  pigweed  and  lamb’s-quarters. 


'  Michigan  Agr.  Exp.  Sta.  1910,  Bui.  260,  128. 
*  Wicht.  Nahr.-Genussm.  Berlin,  1899,  p.  43. 
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Perisperm. — The  outer  cells  have  spiral-reticulated  thickenings,  but 
present  a  different  appearance  from  those  of  the  inner  epiderm  of  the 
spermoderm  because  of  the  larger  size  of  the  cells  and  the  absence  of 
color. 

The  starch  grains  are  2  /i  or  less  in  diameter  and  occur  in  rounded 
or  oval  aggregates. 

Endosperm  and  Embryo  much  as  in  corn  cockle. 

Chief  Structural  Characters. — Seed  black,  smooth,  round,  2  to 
3  mm. 

Outer  epidermal  cells  of  spermoderm  deeply  sinuous  in  outline,  con¬ 
vex  but  without  elongated  papillae,  non-warty.  Starch  grains  up  to  2  /z. 


SOAPWORT 

Saponaria  offirinalis  L.  -  Boolia  vulgaris  Neck. 

Fr.  Saponaire.  Sp.  Saponaria.  It.  Sviponaria.  Ger.  Seifenkraut. 


Bouncing-bet,  or  soapworl,  ordinarily  has  light  pink  single  or  double 
flowers  but  there  are  varieties  with  flowers  of  various  shades  of  red. 
It  is  a  perennial  escapetl  from  cultivation  and  has  attracted  the  atten¬ 
tion  of  weetl  experts  in  both  Europe  and  the  United  States. 

MACROSCOPIC  STRUCTURE.— The  narrow, tubular  calyx  (becom¬ 
ing  broader  on  ripening)  is  obscurely  five-nerved,  two-lobed,  and  five¬ 
toothed.  The  five  to  six  petals  have  spreading  or  reflexed  blades  and  a 
forked  appendage  at  the  top  of  the  narrow  claw.  The  fruit  is  four- 
ribbed  and  opens  l:)y  four  valves  at  the  apex.  Numerous  flattened, 
kidney-shaped,  distinctly  roughened  seeds  are  borne  on  a  central  pla¬ 
centa.  The  seeds  are  black  and  1 .8  to  2.2  mm.  in  their  longest  diameter. 

MICROSCOPIC  STRUCTURE.— Although  the  epidermal  cells  are 
much  more  convex  than  those  of  cow  cockle,  they  are  not  extended  to 
form  marked  papillie  and  are  not  warty.  The  starch  grains  seldcm 


exceed  2  /u.  ,1 

Chief  Sthuctural  Characters.— Seed  kidney-shaped,  rough, 

*^'**^SVrmoderm  with  non-warty  convex  epidermal  cells.  Starch  grains 
up  to  2  p. 


WHITE  COCKLE 

Lychnis  alba  Mill.  =  L.  vesperlina  Sibth.  =  Melandryum  album  Garcke. 

Evening  campion,  or  white  cockle,  is  a  night-flowering  o— tal 
biennial  oLped  from  gardens.  It  is  included  in  the  hrst  series 


NIGHT-FLOWERING  CATCHFLY 
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(twenty-four)  of  weed  seeds  distributed  by  the  Minnesota  Agricultural 

MACROSCOPIC  STRUCTURE— The  plant  is  viscid  and  hairy, 
the  calyx  tube  is  2.0  to  2.5  cm.  long  with  narrow  teeth;  the  flowers  are 
white.  The  seeds  are  irregular  kidney-shaped  but  differ  strikingly  rom 
corn  cockle  in  being  only  about  1  mm.  in  diameter  and  of  a  light  blue- 
gray  color  due  to  a  bloom  which  disappears  in  water,  leaving  the  seed 

of  a  medium  brown  color. 

MICROSCOPIC  STRUCTURE.  Spermoderm.— The  outer  epidermal 
cells  are  somewhat  smaller  (75  to  150  y  in  diameter)  and  the  papillae 
are  much  shorter  than  in  corn  cockle.  W^arts  are  present.  Reticula¬ 
tions  are  absent  in  the  inner  epiderm. 

Perisperm. — Reticulations  are  absent  or  not  evident.  The  starch 
grains  are  noticeably  larger  than  in  corn  and  cow  cockle,  pigweed,  and 
lamb’s-quarters,  reaching  4  in  diameter.  They  occur  in  rounded  or 
oval  aggregates. 

Endosperm  ^nd  Embryo. — As  in  corn  cockle. 

Chief  Structural  Characters. — Seed  light  blue-gray,  rough, 
kidney-shaped,  1  mm. 

Spermoderm  with  short  papillae  and  numerous  warts.  Starch 
grains  up  to  4  /u. 


NIGHT-FLOWERING  CATCHFLY 

Silene  nocti flora  L. 

Fr.  Silence.  Ger.  Nachtleimkraut. 

Like  several  other  weeds  of  the  group  this  plant  is  an  ornamental 
from  Europe  escaped  from  cultivation  in  various  parts  of  the  United 
States. 

MACROSCOPIC  STRUCTURE. — The  plant  is  viscid  and  hairy, 
the  calyx  tube  longer  (2.5  to  3.5  cm.)  and  the  seed,  which  is  gray-brown, 
larger  (1  to  1.5  mm.)  than  that  of  white  cockle  which  it  otherwise 
resembles. 

MICROSCOPIC  STRUCTURE. — No  distinct  difference  in  structure 
from  that  of  white  cockle  has  been  noted.  Cells  of  the  outer  epiderm 
(up  to  175  m)  have  short  warty  papillae;  the  inner  epiderm  and  outer 
perisperm  do  not  show  reticulations;  and  the  starch  grains  (up  to  3 
occur  in  aggregates. 

Chief  Structural  Characters. — Seed  resembles  white  cockle  but 
larger  (1  to  1.5)  and  gray-brown. 

Starch  grains  up  to  3  y. 


340 


CEREAT.S 


COMMON  SPURREY 

Spergula  arvensis  L. 

Fr.  Spergule.  Sp.  Esparcilla.  It.  Asteroide.  Ger.  Ackerspergel. 

Common  or  corn  spurrcy  is  a  European  weed  occurring  also  in 
American  grain  fields. 

MACROSCOPIC  CHARACTERS. — Characteristic  of  the  rough, 
black,  flattened-globular  seed  is  the  thin  light  colored,  halo-like  margin 
which  encircles  it  almost  completely. 

MICROSCOPIC  STRUCTURE.  Spermoderm. — The  outer  epiderm 
is  characterized  by  the  thick  wavy  outline,  seen  in  surface  mounts,  the 
striking  club-shaped  outgrowths  of  the  cells,  and  the  conspicuous  warts. 

Perisperm. — The  starch  grains  vary  up  to  2  /x. 

Chief  Structural  Characters. — Seed  black,  rough,  flattened- 
globular,  margined.  Spermoderm  with  warty  club-shaped  outgrowths; 
starch  up  to  2  p. 


V 


SEEDS  OF  THE  WATER-LILY  FAMILY 

{Nymphseacese) 

The  oriental  lotus  which  yields  edible  rhizomes  also  produces  fari¬ 
naceous  seeds  similar  to  the  cereals  in  food  value. 

LOTUS  SEED 

Nelumbo  nucifera  Gsertn.  =  Nelumbium  speciosum  Willd. 

Fr.  Lotus  sacre.  It.  Loto.  Ger.  Lotos. 

Blasdale  ^  notes  the  occurrence  in  Chinese  markets  of  San  Francisco 
of  the  shelled  seed,  a  larger  form  being  known  as  “  seung  lin  ’’  and  a 
smaller  and  more  common  form  as  “  pak  lin.’’  He  states  that  the  seeds 
are  eaten  by  the  Chinese  either  raw,  boiled,  or  roasted  and  are  also 
used  in  soup  and  for  the  preparation  of  starch  (which  see). 

Seeds  of  the  smaller  form  were  found  by  the  writers  on  sale  in  New 
York  Chinatown. 

MACROSCOPIC  STRUCTURE. — The  fruit  is  a  black  nut  with  a 
bluish  bloom,  reaching  2  cm.  in  length  and  1  cm.  in  breadth,  abruptly 
narrowing  at  the  tip  to  a  short  point  and  at  the  base  ending  in  a  slight 
depression.  Pericarp  and  spermoderm  are  grown  together,  separation 
of  the  hard  shell  (nearly  1  mm.  thick)  from  the  thin  skin  adherent  to  the 
cotyledons  being  through  a  zone  with  numerous  longitudinal  bundles. 
A  cavity  is  present  between  the  hard  white  cotyledons  which  make  up 
the  bulk  of  the  seed.  The  short  radicle  and  the  plumule  with  its  sheath 
are  at  the  apex  of  the  seed.  Being  bitter  the  plumule  is  removed  before 
cooking. 

MICROSCOPIC  STRUCTURE. — The  shell,  consisting  of  the  con¬ 
solidated  Pericarp  and  Spermoderm,  has  four  coats:  (1)  epicarp  of 
narrow,  radially  elongated  cells  interspersed  with  somewhat  larger 
crystal  cells  and  sunken  water  stomata,  (2)  palisade  layer  of  colorless 
cells  up  to  160  high,  with  a  light  line  in  the  outer  portion,  (3)  scleren- 
chmya  layer,  often  over  500  u  thick,  of  cells  with  thick  beaded  waUs, 

and  (4)  spongy  parenchyma  with  here  and  there  sclerenchyma  cells  con¬ 
taining  a  dark  substance. 

Cotyledons.  Characteristic  of  the  cell  walls  are  the  pores  forming 
beads.  The  starch  grains  (Plate  III,  Fig.  31)  are  mostly  oval,  pear- 

1  U.  S.  Dept.  Agr.  Off.  Exp.  Sta.  1899,  Bui.  68,  39. 
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shaped,  or  kidney-shaped, ^up  to  35  fi  long  with  a  central  hilum  and  often 
a  cleft  through  the  longer  diameter  suggesting  that  in  the  starch  of 
leguminous  seeds.  See  section  on  Commercial  Starches. 

Chief  Structural  Characters. — Nut  elongated,  short  pointed, 
with  black  shell  and  thin  skin  adherent  to  the  bulky  cotyledons.  ' 

Epicarp  with  crystal  cells  and  sunken  water  stomata;  hypoderrn  of 
palisade  cells  (IGO  /i) ;  mesocarp  and  spermoderm  of  spongy  parenchyma. 
Cotyledons  containing  elongated  starch  grains  (35  ju)  with  central  hilum 
and  often  rifts. 

CHEMICAL  COMPOSITION. — In  the  table  below  appear  analyses 
by  Blasdale  ^  of  the  kernels  of  a  large  and  a  small  seeded  form  of  lotus 
(“  Xelumhium  speciosiun  ”)  and  an  analysis  by  Langley  ^  of  the  kernels 
of  Chinese  lotus  which,  although  designated  “  Nymphxa  tetragona” 
were  probably  from  the  same  species  as  Blasdale’s  samples.  The  true 
Eg\'ptian  lotus  is  a  Nytnphxa,  but  the  plant  commonly  known  under 
that  name  is  the  oriental  species  of  Nelumhium. 


Composition  of  Lotus  Seed 


Water 

Protein 

(NX6.2.j») 

Amides 

Fat 

Starch 

Sucrose 

Reduc¬ 

ing 

sugars 

Other 

carbohy¬ 

drates 

Fiber 

• 

Ash 

Hlasdale: 
Large  seeds 
Small  seeds 
Langley . 

% 

8.72 

9.40 

12.2 

% 

16.64 

17.73 

18.7 

% 

1.17 

0.09 

% 

2.44 

2.96 

2.3 

% 

51 .64 
40.63 
41.2 

% 

4.09 

9.55 

% 

2.41 

% 

7.88 

12.63 

19.1* 

% 

3.15 

2.95 

2 . 5 

% 

3.03 

4 . 15 
4.0 

*  Pentosans  3.2. 


Carbohydrates. — Hemmi  ^  found  in  the  cotyledons  of  lotus  seed 
(shelled  seed)  nearly  6  per  cent  of  non-reducing  sugars  consisting  largely 

of  raffinose  with  a  small  amount  of  sucrose. 

Mineral  Constituents. — Langley ^  gives  the  following  analysis  of  the 


ash  of  the  kernel : 


K,0 

Na;0 

CaO 

MgO 

FezOs 

MiioOs 

P2O6 

Other 

constituents 

% 

36.90 

% 

0.01 

% 

6.25 

% 

9.23 

% 

0.08 

% 

trace 

% 

37.00 

% 

10.53 

1 IJ.  S.  Dopt.  Agr.,  Off.  Exp.  Sta.  1899,  Bui.  63,  41. 
*  J.  Am.  Chem.  Soc.  1907,  29,  1513. 

^  J.  Col.  Agr.  Hokkaido  Imp.  Univ.  1921,  9,  249. 


SEEDS  OF  THE  PEA  FAMILY 

{Leguminosse) 

Numerous  starchy  and  non-starchy  seeds  of  legumes  are  described 
under  Vegetables,  Volume  II.  The 'starchy  seed  of  the  bean  tree,  like 
the  chestnut,  resembles  the  cereals  in  composition  and  accordingly  is 
included  in  this  volume. 


BEAN  TREE  SEED 


Castanospermum  australe  Cunn. 


Like  so  many  Australian  and  Polynesian  plants,  the  bean  tree  or 
IMoreton  Bay  chestnut  and  the  only  other  species  of  the  genus  have 
certain  characters  not  found  in  legumes  indigenous  to  the  other  conti¬ 
nents.  The  seed  is  eaten  roasted  in  Australia  and  from  it  is  prepared  a 
commercial  starch.^ 

The  tree  has  been  introduced  into  California  and  Florida. 

MACROSCOPIC  STRUCTURE. — The  papilionaceous  yellow  flow¬ 
ers  are  in  racemes.  The  stipitate  ovary  later  becomes  a  pod  reaching 
20  cm.  or  more  in  length  with  several  seeds  remarkable  among  legumes 
for  their  size,  which  is  greater  than  that  of  a  horse  chestnut.  They 
resemble  the  latter  in  color  and  form. 


The  seed  is  flattened  on  the  hilum  side  at  right  angles  to  the  inner 
surfaces  of  the  cotyledons,  reaching  a  length  and  breadth  of  5  cm.  and  a 
thickness  of  somewhat  less.  Particularly  striking  is  the  hilum,  which  is 
often  over  4  cm.  in  length  and  about  5  mm.  wide.  The  greater  part  of  its 
breadth  is  taken  up  by  several  light-colored  bundles  running  through 
the  entire  length  of  the  broad  hilum  slit,  the  continuation  of  which  con¬ 
stitutes  the  raphe.  A  strophiole  is  not  evident,  but  the  raphe  and 
chalaza  are  pronounced.  In  the  dried  seed  the  spermoderm  is  about 
the  thickness  of  writing  paper  and  readily  cracks  away  from  the  loose 
embryo.  The  cotyledons  are  fleshy;  the  radicle  short  and  straight 


T?  T  Starch  were  generously  furnished  by  the  late 

.L.S.,  Director  of  the  Botanic  Gardens,  Sydney,  New  South  Wales 
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MICROSCOPIC  STRUCTURE. — Except  for  Wiesner’s  description  j 
of  bean  tree  starch,  literature  is  lacking.  •  [  | 

The  Spermoderm  tissues  are  analogous  to  those  of  other  leguminous  •  1 
seeds,  consisting  of  (1)  palisade  cells  up  to  over  lit)  n  high  and  25  /x  i 
broad,  with  flat  outer  end,  a  cuticle  0  ju  thick  and  walls  of  uniform  medium 
thickness,  (2)  subepider7n  of  spool-shaped  cells  up  to  40  /x  high  and  over 
100  fi  broad,  and  (3)  parenchyma. 

All  the  cell  walls,  except  those  of  the  inner  parenchyma  which  is 
much  compressed  and  colorless,  are  of  a  yellow-brown  color. 

The  structure  about  the  hiluin  is  remarkable  in  that  the  palisade! 
cells  do  not  double  and  the  broad  l>ilum  slit  is  filled  with  strongly  devel-j 
oped  bundles  containing  numerous  vessels  as  well  as  elongated  reticulated] 
and  porous  sclerenchyma  elements,  flanked  on  either  side  up  to  thej 
inner  compressed  parenchyma  by  a  broadened  mass  of  yellow-brownj 
parenchyma  tissue.  These  bundles  extend  the  whole  length  of  thei 
hilum  and  pass  into  the  tissues  of  the  raphe,  apparently  replacing  thej 
groups  of  porous  sclerenchyma  cells  such  as  occur  beneath  the  hilum^ 
slit  in  common  garden  legumes.  j 

Endosperm. — Not  evident.  1 

Embryo. — The  cotyledons  are  made  up  throughout  of  isodiametrici 
cells  with  thickened,  somewhat  porous  walls  and  bundle  elements,  j 
The  starch  grains  (Plate  II,  Fig.  21),  similar  to  those  of  tapioca  buti 
somewhat  smaller,  occurring  singly  or  more  commonly  in  aggregates, 
of  two  or  more  individuals,  are  described  in  the  section  on  Commercial; 
Starches.  They  are  of  particular  interest  because  of  the  obvious  com-, 
pound  nature  of  the  aggregates  since  the  compound  or  half  compound* 
grains  of  most  common  legumes  have  been  hitherto  mistaken  for  indi--. 

viduals. 

Of  interest  also  are  the  procambium  bundles,  which  have  well-, 
developed  spiral  or  spiral-reticulated  vessels. 

Chief  Structural  Characters. — Seed  large  (5  cm.),  plano-convex,^ 
brown,  with  long  hilum  (4  cm.),  thin  spermoderm,  fleshy  cotyledons, < 

and  straight  radicle. 

Palisade  cells  up  to  over  110  y  high  and  25  /x  broad  with  medium  thick, 
walls  and  thick  cuticle;  subepiderm  of  spool-shaped  cells  up  to  40  y  high* 
and  100  y  broad;  sclerenchyma  group  of  hilum  slit  replaced  by  bundles^ 
with  vascular  elements;  starch  in  aggregates  of  the  tapioca  type  but 
component  grains  smaller. 

»  Die  RohatofTe  des  Pflanzenreiches. 


NUTS  OF  THE  HORSE-CHESTNUT  FAMH^Y 

( Hippocastanacex) 

The  horse-chestnut,  formerly  classed  Under  Sapindacex  and  its  sub¬ 
family  Sapindese,  is  the  only  species  here  considered. 


HORSE-CHESTNUT 

^sculus  Hippocastanum  L. 

Fr.  Marron  dTnde.  Sp.  Castafio  de  Indias.  It.  Ippocastano. 

Ger.  Rosskastanie. 

As  the  French  and  Spanish  names  indicate,  the  horse-chestnut  tree  is 
a  native  of  Asia.  It  was  early  introduced  as  an  ornamental  first  into 
Europe  and  later  into  America. 

MACROSCOPIC  STRUCTURE. — TYvq  flowers  with  tubular  calyx  and 
four  to  five  irregular  petals  in  a  dense  head  are  much  more  conspicuous 
than  those  of  its  relatives,  the  maples.  Although  the  ovary  has  three 
cells,  each  with  two  ovules,  usually  only  one  in  each  cell  or  one  or  two 
in  the  whole  fruit  reach  maturity.  The  prickly  fruit  splits  into  three 
valves  liberating  the  campylotropous,  irregularly  rounded  seeds  which 
are  2.5  to  4  cm.  in  diameter.  Excepting  the  scar,  which  is  dull  gray, 
about  2  cm.  in  diameter,  the  seed  is  deep  brown  and  lustrous.  A  section 
cut  so  as  to  pass  longitudinally  through  the  radicle  shows  that  the  sper- 
moderm,  which  in  most  parts  is  less  than  1  mm.  thick,  becomes  somewhat 
thicker  at  the  micropyle  and  is  extended  as  a  partition  nearly  1  cm.  long 
between  the  radicle  and  the  cotyledons.  The  greater  part  of  the  seed 
consists  of  the  bulky  cotyledons. 

MICROSCOPIC  STRUCTURE.-Harz  *  describes  and  figures  the 

structure  in  cross  section. 

Spermoderm.— The  tissues  are:  (1)  ouUr  epiderm  of  radially  elon- 
gated  cells,  (2)  outer  brown  coal  of  many  layers  of  isodiametric  cells 
with  thick  brown  walls,  (3)  inner  brown  coat  similar  to  the  last  but  the 
cells  are  tangentially  elongated,  and  (4)  colorless  cells  with  thin  walls. 

Perisperm  and  Endosperm. — Only  traces. 

^Samenkunde.  Berlin,  1885,  p.  947. 
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Embryo. — The  thin-walled  parenchyma  contains  starch  grains 
described  under  Commercial  Starches  and  shown  in  Plate  I,  Fig.  11. 

CHEMICAL  COMPOSITION. — Repeated  effort  has  been  made, 
particularly  during  the  World  War,  to  make  the  rich  store  of  nutrients 
in  the  kernel  of  the  horse-chestnut  available  for  animals  and  even  human 
beings.  The  tree  is  exceedingly  productive  and  the  large  size  of  the 
nuts  facilitates  harvesting  and  shelling,  but  the  bitter  taste  is  forbidding. 

Serger  ^  states  that  the  bitter  principle  may  be  removed  sufficiently 
for  animals  by  boiling  the  coarsely  ground  nut  with  several  portions  of 
water.  If  in  addition  the  material  is  treated  with  1  per  cent  potassium 
(or  sodium)  carbonate  solution,  to  remove  the  last  traces  of  the  bitter 
principle,  and  then  with  50  per  cent  alcohol  to  extract  a  disagreeable 
sweet-tasting  substance,  a  fairly  palatable  product  is  obtained  accept¬ 
able  even  to  humans.  Serger  in  experiments  with  animals  showed  that 
the  untreated  nut  is  less  obnoxious  to  calves  than  to  hogs  and  sheep. 

Kling“  believes  that  the  nut  in  moderate  amount  is  suitable  for 
animal  feeding.  He  found  a  higher  protein  and  fat  content  in  nuts  from 
trees  growing  on  soils  deficient  in  calcium  than  on  soils  with  a  generous 
supply  of  this  element. 

Auld  ^  states  that  the  nuts  are  not  poisonous  to  animals  fed  in  such 
(juantities  as  they  will  eat.  He  gives  the  following  analyses  by  Fischer 
of  the  kernel  (83  per  cent),  the  shell  (17  per  cent),  and  the  whole  nut; 


Composition  of  Horse-chestnuts 


Water 

Protein 

True 

protein 

Fat 

N-f.ext. 

Sugar 

Fiber 

A.sh 

Kernel . 

Shell . 

Whole  nut . 

% 

2.22 

7.00 

3.04 

% 

12.08 

5.60 

10.99 

% 

8.77 

4.37 

% 

0.26 

0.89 

5.34 

% 

74.45 

71.58 

73.97 

% 

2.51 

% 

2.13 

13.15 

4.00 

/ 

% 

2.80* 

i.oot 

2.66 

*  P2O6  in  ash  29,11  per  cent.  t  P2O6  in  ash  12.19  per  cent. 


No  injurious  substance  was  found  in  the  nut  by  Chaplet.^  He  rec- 
ommends  boiling  to  remove  the  bitter  taste  or  mixing  with  molasses 
Baker  and  Hulton  ^  have  analyzed  4  samples  of  horse-chestnuts  after 

iChem.  Z.  191G,  40,  221. 

2  Landw.  Vers.-Stat.  1910,  73,  397. 

*  J.  Soc.  Chem.  Ind.  1913,  32,  173. 

*  Rev.  chim.  ind.  1913,  24,  215. 

®  Analyst  1917,  42,  351. 
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shelling,  grating,  drying  at  55°  C.  and  grinding.  Ihe  utilization  of  the 
nuts  for  alcohol  production  was  considered  as  they  contain  much  starch 
and  have  marked  diastatic  properties. 


Composition  of  Horse-chestnut  Kernel  (Baker  and  Hulton) 


Water 

Protein 

(NX6.25) 

Fat 

Starch 

(Lintner) 

Starch 

(taka- 

diastase) 

Reducing 
sugars  as 

dextrose 

Sucrose 

Pentosans 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min.  .  . 

1.8 

7.2 

5.0 

21.9 

15.2 

1.6 

7.3 

4.7* 

2.0* 

2.4 

Max.  .  . 

3.5 

10.8 

7.2 

47.8 

39.0 

9.1 

17.5 

5.4* 

2.6* 

2.9 

Aver. . . 

2.6 

8.9 

6.3 

38.7 

32.7 

4.4 

11.0 

5.09* 

2.3* 

2.7 

*  Two  samples. 


Fat. — Physical  and  Chemical  Values  have  been  determined  by 
Chaplet,^  who  notes  the  similarity  to  almond  and  mustard  oil,  and  by 
Heiduschka  and  Zeileis.^  The  latter  worked  on  the  ether  extract  of 
the  nut  which  had  been  previously  extracted  with  hot  alcohol  to  remove 
part  of  the  saponins. 


Values  of  Horse-chestnut  Oil 


Sp.  gr. 
15°  C. 

Refrac. 

index 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Polenske 

No. 

Hehner 

No. 

Acetyl 

No. 

Acid 

No. 

Unsapon- 

ifiable 

matter 

Chaplet .  . 
H.andZ.  . 

0.926 

1.4747 

1.4710 

194.5 

175.5 

95 . 4 
99.0 

1.54 

1.01 

0.42 

92.5 

92.79 

13.5 

11.67 

% 

2.50 

Tannin  is  abundant  in  the  bark  and  occurs  also  in  the  shell.  Roch- 
leder  considered  its  formula  to  be  C13H12O6. 

Saponins— EscuUn  or  EscuUnic  Acid  (CoHio05-C9H604  +  liH20) 
is  a  glucoside  occurring  in  all  parts  of  the  plant,  particularly  in  the  bark 
and  shell.  It  splits  up  into  esculelin  (C9H6O4  +  H2O)  and  d-glucose,  due 
according  to  Sigmund  ^  to  the  action  of  an  enzyme,  esculme. 

1  esculinic  and  escuLic  acids  in  the  cotyledons  and 

classed  them  as  “  saponoides.” 


^  Loc.  cit. 

-  Z.  Enters.  Nahr.-Genussm.  1917,  33,  446. 
®  Monatsh.  Chem.  1910,  31,  657. 

*  Bui.  sci.  Pharmacol.  1918,  26,  II,  65, 
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De  Vevey^  describes  argyrin  (argyrenetin)  formed  together  with 
glucose  on  splitting  up  Fr4my’s  argyrescin  by  acid.  Whether  argyrin 
is  identical  with  esculetin  and  argyrescin  with  esculin  does  not  appear. 

Other  substances  were  described  by  Rochleder  but  the  work  needs 
confirmation. 

Which  of  the  saponins  is  most  responsible  for  the  bitter  taste  of  the 
endosperm  seems  uncertain. 

Mineral  Constituents— According  to  Chaplet, 2  12  to  30  per  cent  of 
phosphoric  acid  is  present  in  the  ash. 

Minor  Mineral  Constituents.  Iodine. — None  (Winterstein).^ 

1  Ibid.  1908,  16,  696. 

*  Loc.  cit. 

®  Z.  physiol.  Chem.  1918,  104,  54; 


NUTS  OF  THE  WATER  CHESTNUT  FAMILY 

{Hydrocaryacese) 

Species  of  tho  aquatic  genus  Tvapci  have  starchy  nuts  eaten  as 
such  or  made  into  bread.  Nuts  of  T.  natans  L.,  the  common  European 
species,  have  four  horns;  those  of  T.  bicornis  L.,  a  Chinese  species,  two 
horns.  T.  hispinosa  Roxbg.  is  an  Indian  species;  this  name  is  also 
applied  to  the  Chinese  plant  whether  or  not  it  is  the  same  species.  All 
three  are  known  as  horn  chestnut  or  water  chestnut,  the  former  name 
being  here  used  to  avoid  confusion  with  the  so-called  water  chestnut, 
which  is  a  corm. 


HORN  CHESTNUT 

Trapa  bicornis  L. 

Chin.  Ling-kok.  Jap.  Hishi-mo-mi. 

Jesuits’  nut  is  another  name  for  this  aquatic  species  said  to  be  one 
of  the  five  principal  food  grains  of  China.  It  is  sold  by  Chinese  mer¬ 
chants  in  the  United  States  both  to  their  countrymen  for  food  and  to 
sight-seers  as  curios.  Starch  is  made  from  the  seed  in  China  and  has 
been  found  by  the  writers  on  sale  in  the  United  States. 

MACROSCOPIC  STRUCTURE. — As  suggested  by  the  Latin  and 
English  names,  the  nut  is  two-horned,  resembling  a  cow’s  head  (Fig. 
145).  The  shell  is  thin,  dull  black  on  the 
surface,  tough  but  light  in  weight  by  reason 
of  spongy  tissues.  When  fresh,  the  seed  is 
closely  united  to  the  pericarp,  but  on  drying, 
separation  takes  place,  leaving  most  of  the 
spermoderm  attached  to  the  single  hard  white  x  a" 

MICROSCOPIC  STRUCTURE.-The  Pericarp  consists  of  (1) 
epicarp  with  black  contents,  (2)  hypoderm  of  small  cells,  with  thick  porous 
walls,  passing  into  (3)  mesocarp  of  large  cells,  some  variously  elongated, 
and  (4)  endocarp  of  narrow,  transversely  elongated  cells.  ^ 

Characteristic  of  the  Spermoderm  are  the  large  elongated  crossinn 
celts  with  delicate  spiral  markings. 
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Cotyledons. — Starch  (Plate  III,  Fig.  26)  is  the  only  visible  constitu¬ 
ent.  The  grains,  reaching  40  /x  in  length,  are  elliptical,  kidney-shaped, 
rounded  triangular,  or  quadrilateral,  often  with  one  or  two  swellings. 
They  have  either  a  central  or  somewhat  eccentric  hilum.  Rings  are 
distinct  and  bright  crosses  appear  with  polarized  light.  Aggregates  of 
two  or  three  small  grains  are  present.  Delicate  spiral  vessels  occur  in 
the  procambium  bundles. 

Chief  Structural  Characters. — Nut  black,  two-horned.  Peri¬ 
carp  breaks  away  from  thin  spcrmoderm  and  single  cotyledon. 

Epicarp  with  black  contents;  mesocarp  cells  large,  some  variously 
elongated;  endocarp  cells  narrow,  transversely  elongated.  Spermoderm 
cells  wdth  spiral  markings.  Starch  grains  up  to  40  n  long,  of  rounded 
forms,  often  with  swellings. 

CHEMICAL  COMPOSITION.— An  analysis  of  the  dried  nut, 
grown  in  China  but  sold  in  San  Francisco,  was  made  by  Blasdale,^ 
who  states  that  the  kernel  resembles  the  chestnut  in  consistency  and 
taste.  A  sample  of  the  green  nut,  grown  in  India,  was  analyzed  by 
Brahmachari  and  Chatterjee.“  They  state  that  the  flour  is  used  in 
making  sweetmeats  and  a  condensed  milk  product  known  as  khir.  A 
third  analysis  was  made  by  Chung  and  Ripperton,^  who  give  two  Latin 
names,  T.  hiconiis  and  T.  natans,  and  two  English  names,  Jesuits’  nut 
and  “  water  caltrops.” 


Composition  of  Shelled  Horn  Chestnut 


Water 

Pro¬ 

tein 

Pure 

pro¬ 

tein 

Fat 

N-f.ext. 

Red. 

sugar 

Starch 

Fiber 

Avsh 

Bla.sdale . 

B.  and  C . 

C.  and  R . 

% 

10,59 

84.58 

80.00 

% 

10.88 

2.37 

3.49 

% 

10.42 

% 

0.65 

0.18 

0.02 

% 

73.90 

11.39 

15.33 

% 

3.95 

2.25* 

% 

60.39 

9.14 

% 

1.41 

0.56 

0.36 

% 

2.57 

0.92 

0.80 

*  Soluble  carbohydrates. 


Mineral  Constituents.— Tlie  following  analysis  of  the  ash  is  by 


Brahmachari  and  Chatterjee.^ 

The  high  percentage  of  soda  may 


be  due  to  growth  in  brackish  water. 


’  IT.  S.  Dppt.  Affr.,  Off.  Exp.  Sta.  1899,  Bui.  68. 

2  Indian  Med.  Gaz.  1927,  62,  365. 

3  Hawaii  A.^r.  Exp.  Sta.  1929,  Bui.  60. 
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K20 

Na20 

CaO 

MgO 

Fe203 

MnoOa 

P2O5 

SO3 

Si02 

CaCh 

% 

9.7 

% 

19.9 

% 

2.5 

% 

1.7 

% 

0.9 

% 

0.5 

% 

25.1 

% 

13.1 

% 

0.8 

% 

3.6 

The  low  percentages  of  potash  and  magnesia  and  the  footing,  which 
lacks  over  20  .per  cent  of  100,  need  explanation.  Whether  the  percent¬ 
age  of  calcium  chloride  includes  calcium  not,  included  in  the  percentage 
of  oxide  is  uncertain. 

Chung  and  Ripperton^  found  in  the  shelled  nut:  calcium  0.016, 
phosphorus  0.128,  and  iron  0.0020  per  cent. 


^  Loc.  cit. 
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PART  II 

OIL  SEEDS* 

In  this  part  are  described  not  only  oil  seeds,  including  oil  nuts  and 
weed  seeds  free  from  starch,  but  a  few  (such  as  the  cashew  nut  and 
peanut)  in  which  starch  is  present  although  not  in  sufficient  amount 

to  warrant  classification  with  starchy  seeds. 

The  term  “  seed  ’’  is  used  in  the  popular  sense  to  include  not  only 
true  seeds  but  also  dry  fruits,  such  as  the  achenes  of  the  sunflower  and 
other  composite  species,  from  which  the  worthless  pericarp  does  not 
separate  easily  from  the  seed  proper.  Only  in  the  case  of  the  olive, 
Chinese  olive,  ginkgo,  and  avocado  (the  last  two  described  in  Volume  II 
under  the  head  of  Fruit)  is  the  succulent  fruit  flesh  the  seat  of  a  rich 
store  of  oil. 

Relation  of  Family  to  Oil  Content. — A  study  of  the  composition  of  the 
seed  in  connection  with  the  order  of  arrangement  of  the  families  from 
the  lowest  to  the  highest,  according  to  Engler  and  Prantl,  shows  that  as  a 
rule  an  oily  seed  is  a  characteristic  of  the  higher  families,  although  there 
are  marked  exceptions.  Thus  seeds  of  the  two  families  of  food  plants 
lowest  in  the  scale,  namely  the  ginkgo  and  pine  families,  though  contain¬ 
ing  starch,  also  have  a  rich  store  of  oil,  and  even  the  cereals  that  follow 
in  the  list  have  an  oily  embryo  although  on  the  whole  the  seed  is  pre¬ 
eminently  starchy.  Again  the  beechnut  is  oily  whereas  the  acorn 
and  the  chestnut,  although  belonging  to  the  same  family,  are  starchy. 

Still  more  important  exceptions  occur  among  the  legumes,  some 
of  w'hich  have  oily,  others  starchy  seeds. 

Generalizations  from  food  seeds  alone  are  likely  to  lead  to  unscientific 
conclusions;  furthermore,  the  arrangement  of  families  is  more  or  less 
tentative  and  open  to  revision.  Until  we  have  more  complete  knowl¬ 
edge  of  fundamental  laws  and  chemical  reactions  concerned  in  the 
formation  of  carbohydrates  and  glycerides  of  the  fatty  acids,  specula¬ 
tions  on  the  reasons  for  the  deposition  of  one  of  these  great  classes  of 
food  substances  at  the  expense  of  the  other  seems  futile. 

Location  of  Oik— In  the  majority  of  the  families  the  oil  is  deposited 
largely  in  the  embryo  of  the  seed  with  only  a  small  amount  in  the  endo¬ 
sperm.  Such  is  the  case  in  the  following  families:  walnut,  birch  (e.g. 

^  Includes  oil  nuts. 
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filbert),  beech  (e.g.  beechnut),  mulberry  (e.g.  hemp),  mustard,  rose’ 
(e.g.  almond),  bursera  (e.g.  pill  nut),  cashew  (e.g.  pistachio),*  mallow  ' 
(e.g.  cotton),  bombax  (e.g.  kapok),  lecythia  (e.g.  Brazil  nut),  and  com¬ 
posite.  In  the  Brazil  and  paradise  nuts  the  oil  is  in  the  enlarged  radicle,^  ! 
but  in  the  other  families  the  bulk  is  in  the  cotyledons. 

Families  in  which  the  oil  is  largely  in  the  endosperm,  only  a  trace  orj  I 
small  part  being  in  the  embryo,  are  as  follows;  palm  (cocoanut,  palm 
nut),  olive,  pine,  and  parsley  (e.g.  wild  carrot). 

In  the  following  families  the  oil  is  divided  between  the  embryo  and 
the  endosperm:  flax  (e.g.  linseed)  and  pedalium  (e.g.  sesame). 

While  in  the  lowest  families,  namely  ginkgo,  pine,  and  palm,  the  oil 
is  largely  or  in  considerable  part  in  the  endosperm,  and  in  the  highest 
family,  composite,  it  is  largely  in  the  embryo,  the  intermediate  families 


conform  to  no  general  rule. 

Nature  of  Cil  (Ether  Extract). — In  the  case  of  oil  seeds  the  ether 
extract  consists  largely  of  true  fatty  oil  and  does  not  contain  any  appre¬ 
ciable  amount  of  chlorophyl  such  as  is  present  in  many  green  vegetables. 
Volatile  ether  extract,  that  is  essential  oil,  which  is  the  characteristic 
constituent  of  different  parts  of  the  umbelliferous  plants  and  various 
spices,  is  also  absent  except  in  wild  carrot. 

Proteins. — High  oil  content  of  seeds  is  usually  associated  with  high 
protein  content  and  consequently  low  carbohydrate  content.  The  pro¬ 
portion  of  protein  is  further  increased  by  pressing  out  part  of  the  oil  in 
the  manufacture  of  commercial  oils,  oil  cakes  being  as  a  consequence 

“  concentrated  ”  feeds. 

Microscopic  examination  alone  usually  suffices  to  show  the  hig 
protein  content  as  aleurone  grains  occur  in  great  numbers  with  the  fat 


in  the  cells.  ^  4. 

Carbohydrates. — In  the  majority  of  cases  the  nitrogen-free  extract 

consists  entirely  of  carbohydrates  other  than  starch  such  as  gums, 

pentosans,  and  sugars  (raffinosc  in  cottonseed,  etc.).  A  moderate 

amount  of  starch  is  present  in  some  seeds  such  as  the  peanut,  cashew 

nut  ginkgo  seed,  and  pine  nut.  These  statements  concern  only  seeds 

with  thin-walled  cells;  those  with  reserve  material  m  large  amount  m 

the  thick  walls,  such  as  vegetable  ivory,  are  classed  with  oil  seeds  because 

thev  are  non-starchy.  i  . 

Enzymes.— Ferndndez  and  Pizarroso,i  operating  with  9  representative 

oil  seeds-almond,  hazelnut,  walnut,  maize,  peanut,  pine  kerne  s,  castor 

bean  poppy,  and  hemp-have  carried  out  comprehensive  studies  of 

enzymes  including  proteases,  lipases,  urease,  glycerophosphatase,  an 

1  An.  80C.  espan.  fis.  quim.  1917,  16  to  1928,  26. 
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An  extensive  chapter  on  edible  oils  comparable  with  that  on  starch 
in  Part  I  is  not  necessary,  since  physical  and  chemical  values  and  t  e 
percentages  of  the  glycerides  in  the  oils  are  given  under  the  seeds  or 

fruits  from  which  they  are  derived. 

In  some  cases  the  analytical  results  reported  are  in  the  expressed  oil 
and  in  others  in  the  extracted  oil,  the  method  of  preparation  being  stated 
so  far  as  known.  In  general,  the  composition  of  the  expressed  oil  differs 
little  from  that  secured  by  extraction  with  ether.  It  is  well  known  that  . 
refining  causes  changes  in  composition,  but  these  are  comparatively 
slight  when  the  crude  oil  is  freshly  prepared  from  sound  material. 

Physical  and  Chemical  Values— The  specific  gravity  is  given  at  15° 
or  15.5°  C.  When  recalculated  to  these  temperatures  it  has  been  by 
adding  0.00064  for  each  degree  above  15°  and  subtracting  the  same  figure 
for  each  degree  below  15°. 

Refractive  indices  are  usually  given  at  25°  C.  for  low  solidifying 
point  oils  and  at  40°  C.  for  fats.  In  recalculated  results  the  average 
correction  of  0.000365  for  each  degree  of  temperature,  as  determined 
by  Tolman  and  Munson,^  was  used,  adding  when  above  the  desired  tem¬ 
perature  and  subtracting  when  below.  Although  these  corrections  the¬ 
oretically  differ  with  the  oil,  for  the  purpose  of  showing  the  range  of  values 
the  same  correction  for  all  seems  sufficiently  accurate. 

Zeiss  refractometer  readings  have  been  calculated  to  refractive 
indices,  using  the  tables  prepared  by  Winton  -  and  reprinted  among  the 
Methods  of  the  Association  of  Official  Agricultural  Chemists. 

The  method  of  determining  the  iodine  number  is  not  always  stated. 
Results  published  prior  to  about  1900  were  obtained  by  the  Hiibl  method; 
since  that  time  the  Hanus  and  Wijs  methods  have  come  into  use.  Since 
1903  when  Munson  and  Tolman^  studied  these  methods  the  Hanus 
method  has  been  given  the  preference  in  the  United  States. 

The  solidification  point  of  the  insoluble  fatty  acids  is  designated 
“  fatty  acids,  titer,”  since  in  nearly  every  instance  practically  all  the 
fatty  acids  are 'insoluble. 

^  J.  Am.  Chem.  Soc.  1902,  24,  754. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1900,  p.  143. 

^  J.  Am.  Chem.  Soc.  1903,  25,  244. 
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Other  values  of  the  fatty  acids  are  included  only  when  they  furnish 
data  for  the  calculation  of  the  percentages  of  constituent  glycerides. 
The  reader  who  desires  further  values  is  referred  to  the  works  of  Lewko- 
witsch,  Allen,  and  (in  German)  Ubbelohde. 

Acid  number  and  not  acidity  in  terms  of  percentages  of  oleic  acid  is 
given  throughout  the  tables.  Whenever  the  results  were  expressed  in 
the  latter  form  they  were  recalculated  by  dividing  by  0.5027.  The 
reverse  calculation,  namely  multiplying  the  acid  number  by  the 
factor  0.5027,  may  be  followed  if  the  equivalent  percentage  of  oleic  acid 
is  desired. 

Composition. — The  fatty  acids  and  other  constituents  present  in  food 
fats  are  listed  in  the  introduction  to  this  volume.  So  far  as  possible 
the  percentage  composition  of  the  different  oils  is  expressed  in  terms  of 
the  different  glycerides  which,  together  with  the  unsaponifiable  matter, 


add  up  to  100  or  approximately  that  number. 

Relation  of  Values  to  Composition.— The  iodine  number  and,  less 
accurately,  the  ]\laumen4  number  (rise  of  heat  with  sulphuric  acid)  are 
measures  of  the  degree  of  saturation  of  the  fatty  acids,  the  lower  numbers 
corresponding  to  the  higher  degrees.  T.  he  saponification  number  is  a 
measure  of  molecular  weight  or  the  number  of  carbon  atoms  in  the  acid 
molecule,  the  lower  figures  in  the  same  series  corresponding  to  the 
higher  molecular  w’eights.  Of  the  physical  values,  the  specific  gravity 
and  refractive  index  are  influenced  by  both  factors;  both  increase  with 
the  decrease  in  saturation,  but  the  specific  gravity  decreases  with  the 
increase  of  carbon  atoms  whereas  the  refractive  index  increases.  1  he 
Keichert-Meissl  number  represents  the  water-soluble  volatile  acids, 
including  all  the  butyric  acid  and  small  amounts  of  higher  acids;  the 
Polenske  number  represents  the  water-insoluble  volatile  acids,  including 
variable  amounts  of  caproic,  caprylic,  capric,  lauric,  myristic,  and  traces 

of  higher  acids.  .  ,  , 

Lewkovvitsch  classes  as  variables  the  acetyl  number,  the  acid  number, 

and  the  percentage  of  unsaponifiable  matter  of  food  oi  s 

not  fairly  represent  the  amounts  present  in  sound,  fresh  oils. 

acetyl  number  is  a  measure  of  hydroxylated  acids,  but  these  occur  in 

inconsiderable  amounts  in  food  oils.  ,  .  lintvric 

The  liquid  (at  20°  C.)  fatty  acids  include  the  saturated  acids  bu  y  , 

valeric,  caproic,  and  caprylic,  and  the  unsaturated  acids  oleic,  hn  , 
""tats  id:  may  be  combined,  not  only  as 


by  different  acids 


OIL  CAKES 


Although  the  residues  from  the  manufacture  of  oil  by  extraction 
processes,  because  of  the  difficulty  of  completely  removing  the  solvent, 
are  suited  only  for  use  as  fertilizers,  the  residues  or  cakes  remaining 
after  expressing  edible  oils  are  characterized  by  their  high  protein  con¬ 
tent  which  well  entitles  them  to  the  name  concentrated  foods.  Most 
of  the  cakes  are  used  only  for  cattle  foods;  there  are,  however,  a  few 
notable  exceptions.  Cocoa  is  the  powdered  cake  remaining  after  express¬ 
ing  cocoa  butter,  mustard  flour  is  ground  and  bolted  mustard  cake, 
and  almond  and  soy  bean  flour  are  analogous  products  much  used  as 
diabetic  foods.  Wesson,  whose  method  of  refining  cottonseed  oil  is 
employed  on  a  large  scale  by  a  corporation  that  bears  his  name,  has 
recently  perfected  a  process  for  manufacturing  cottonseed  flour  that 
bids  fair  to  rank  with  the  oil  as  a  nutritious  human  food. 

The  ground  cakes  from  decorticated  seeds  marketed  as  cattle  foods 
are  commonly  known  as  meals  (cottonseed  meal,  linseed  meal,  peanut 
meal,  etc.)  and,  when  mixed  with  the  hulls  or  other  coarser  parts,  as 
feeds.  Their  sale  in  the  United  States  is  regulated  by  state  and  national 
laws  that  provide  for  fixing  of  standards  of  composition  and  official 
inspection. 

Microscopic  Examination  of  Oil  Cakes  and  Meal. — Direct  examina¬ 
tion,  although  not  so  instructive  as  in  the  case  of  cereal  products,  serves 
to  detect  the  starch  of  certain  weed  seeds  and  may  show  aleurone  grains 
with  original  characters  intact.  When,  as  is  often  true,  the  cake  is  the 
residue  from  the  hot  process,  it  is  well  to  proceed  at  once,  after  casual 
examination,  to  treatment:  first,  for  removal  of  the  oil  with  a  suitable 
solvent  such  as  gasolene,  and  second,  for  clearing  the  cell  tissues. 
Digestion  with  diastase  or  boiling  with  dilute  acid  is  obviously  illogical 
if  starch  is  absent;  treatment  with  dilute  sodium  hydroxide  is  more 
useful,  but  for  bleaching  dark-colored  tissues  the  following  method  is 
recommended: 

Hebebrand's  Method. — Chlorine  gas  is  passed  for  several  minutes 
into  a  mixture  of  0.5  gram  of  the  ground  defatted  material  and  10  to 
15  cc.  of  7  per  cent  sodium  carbonate  solution.  After  dilution  and 
settling,  the  deposit  is  examined.  Soaking  in  Labarraque’s  solution 
accomplishes  the  same  result. 
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NUTS  OF  THE  PINE  FAMILY  i 

1; 

{Pinacex)  ■ 

’  ! 

The  naked  ovules  of  the  family  ripen  into  seeds  which,  because  ofj! 

t 

their  hard  spermoderm,  are  known  as  nuts.  Pine  nuts  of  the  Old  and|! 
New  World  and  seeds  of  a  Brazilian  species  of  Araucaria  are  used  as 
food.  From  the  latter  is  prepared  a  commercial  starch  of  local  impor-’J 
tance  (Plate  III,  Fig.  30).  Owing  to  the  difficulty  of  securing  authentic! 
and  unroasted  material,  only  a  limited  number  of  species  are  here 
described,  and  the  descriptions  in  some  cases  are  incomplete. 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  nuts  con-|| 
sist  of  a  spennoderm,  divided  into  a  hard  shell  and  inner  skin,  endosperm,l[i 
and  embryo  with  several  cotyledons  embedded  in  the  endosperm.  The 
European  and  Brazilian  nuts  are  longer  than  those  growing  in  the 
United  States,  which  have  further  disadvantage  of  being  thick-shelled,  j 
COMPARATIVE  MICROSCOPIC  STRUCTURE.— Starch  grains,! 
aleurone  grains,  and  oil  drops  arc  visible  cell  contents.  So  far  as  exam¬ 
ined,  the  starch  grains  are  largest  (40  n)  in  the  Brazilian  pine  nut.  Ini 
the  Pmropean  nuts  they  reach  20  /x,  kut  in  the  species  growing  in  the! 

United  States  they  seldom  exceed  10  ju.  | 

COMPARATIVE  CHEMICAL  COMPOSITION.— The  kernels  of| 
the  different  species  differ  greatly  in  composition.  The  oil  contentj 
usually  exceeds  that  of  all  other  constituents  and  is  often  several  timesj 
the  protein  content.  Starch  is  a  minor  convStituent,  at  least  in  thej 
species  growing  in  Europe  and  the  United  States.  Analyses  of  thej 
Brazilian  pine  nut  are  not  available.  \ 

I 

PINE  NUTS  » 


Fr.  Pomme  de  pin. 


Pinus  spp. 

Sp.  Pinon.  It.  Pinocchio. 


\ 

Ger.  Pineolen. 


In  Europe,  pine  nuts  arc  ol)taine(l  chiefly  from  Pinus  Pinea  L.  (stone  j 
pine),  less  often  from  P.  Cembra  L.  (Swiss  pine),  and  are  marketed, 
shelled  Indians  in  the  southwestern  portion  of  the  United  States  gather ; 
large  quantities  of  nuts  from  P.  cdulis  Engelm.  for  their  own  use  and  for  , 
shipment  to  the  cities  where  they  are  sold  unshellcd  on  the  streets.  The  , 
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American  species  P.  cembroides  Zucc.,  P.  monophylla  Torr.  et  Frem., 
and  P.  salriniana  Douglas  also  produce  edible  nuts.  Nuts  are  also 
gjithered  from  Asiatic  species. 

MACROSCOPIC  STRUCTURE.— Fig.  146  shows  unshelled  nutfi 
from  P.  Pinea  of  Europe  (I)  and  P.  edulis  of  the  United  States  (II  to  IV), 
also  the  pine  nut  of  Brazil  (V)  obtained  from  a  species  of  Araucaria. 
The  European  nut  varies  up  to  25  mm.  in  length,  the  American  up  to 
15  mm.  Since  the  American  nut  is  small  and  has  a  thicker  outer  sper- 
moderm  or  shell  (often  over  0.5  mm.)  it  is  inferior. 

The  outer  spermoderm  is  light  brown  on  one  side  and  dark  brown  on 
the  other  side  of  the  seed,  and  the  inner  spermoderm  forms  a  thin 
brown  skin  over  the  kernel,  the  latter  consisting  of  endosperm  and  cen- 


Fig.  146.  Fig.  147. 

Fig.  146. — Pine  Nuts:  I  P.  Pinea’,  II-IV  P.  edulis;  V  Araucaria.  S  spermo¬ 
derm;  P  endosperm;  P  radicle;  C  cotyledons.  X3^.  (A.L.W.) 

Fig.  147. — Pine  Nut.  S  spermoderm  and  E  endosperm  of  P.  edulis  in  cross 
section.  Cell  contents  of  P.  Pinea,  left,  below.  Starch  grains,  dark;  aleurone 
grains,  gray;  oil  drops,  colorless.  X160.  (K.B.W.) 


tral  embryo.  In  the  American  species  from  six  to  twelve  cotyledons, 
possibly  more,  are  present. 

MICROSCOPIC  STRUCTURE  (Fig.  147). — The  outer  spermoderm 
consists  of  (1)  outer  eptderm  of  polygonal,  thick-walled,  porous  cells 
with  red-brown  contents  on  the  dark  side  of  the  seed  and  (2)  a  mass  of 
rounded  stone  cells  with  thick,  porous  walls  and  small  lumen,  containing 
yery  refractive,  sometimes  dark-colored  contents. 

A  thin-walled  collapsed  tissue  forms  the  inner  spermoderm  (S)  except 
at  the  tip  where  the  walls  of  the  elongated  cells  are  thicker,  forming 


Endosperm  (E)  and  Embryo  consist  of  thin-walled,  characterless  cells 
containing  slarch  grains,  ahurone  grains,  and  oil  drops,  both  cells  and 
contents  being  smaller  in  the  embryo. 
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The  starch  grains  are  rounded,  seldom  exceeding  10  /x,  in  the  North 
American  or  20  /x  in  the  European  nut  but  reaching  40  /x  in  the  Brazilian 
pine  (Plate  III,  Fig.  30).  Young  ^  notes  the  presence  of  both  crystal¬ 
loids  and  globoids  in  the  aleurone  grains. 

Chief  Structural  Characters.— European  nut  up  to  25  mm.; 
xVmerican  nut  up  to  15  mm.  with  thicker  outer  spermoderm  (shell). 
Both  with  thin  inner  spermoderm  and  multi-cot yledonous  embryo  in 


axis  of  endosperm. 

Outer  spermoderm  with  polygonal  epidermal  cells,  some  with  red- 
brown  contents  and  dense  stone  cell  tissue;  inner  spermoderm  of  col¬ 
lapsed  cells.  Starch  grains  and  aleurone  grains  larger  in  endosperm 
than  in  embryo  and  in  ICuropean  (20  /x)  than  in  North  American  species 
(U)  m).  In  the  Brazilian  nut  the  starch  grains  reach  40  /x. 

CHEMICAL  COMPOSITION.— Schulze  and  Rongger^  and  Schulze-'^ 
made  exhaustive  analyses  of  “  Zirbelniisse  ”  or  “  Arvenniissc  ’’  from  P. 
Cembra]  Matthes  and  Rossi^-*  and  Maranis-'’’  analyzed  pine  nuts  (pm- 
iolen)  from  P.  Pinea,  the  stone  pine  of  southern  Europe;  Yoshimura  ’ 


Composition  of  Pine  Nut  Kernels 


Kernel 
in  nut 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

P.  Cembra: 

.38.0 

1 

0.0 

19.4 

59.4 

17.2 

1.2 

2.8 

P.  Pinea: 

0.11 

31.81 

45.03 

5.98* 

.8 

1.2 

iVlut tries  aiui  . 

1 

4.9 

.37.5 

51 .0 

4 

P.  korniensU: 

0.0 

14.8 

78.9 

3 

.7 

2.0 

P.  monophylla: 

Wooda  and  Merrill..  . 

58 .  .3 

3  8 

0.5 

00.7 

20 

.2 

2.8 

P.  edulis: 

Woods  and  Merrill.. . 

59 . 4 

.3  4 

14.0 

01 .9 

17 

.3 

2.8 

P.  sabiniana: 

Woods  and  Merrill. . . 

23.0 

5  1. 

28.1 

53  7 

.4 

4.7 

*  Sugar  calculated  as  sucrose. 


.  U.  S.  Dop.  Agr.,  Bur.  Chem.  1912,  Bui.  160, '28. 

2  Landw.  Vers.-Stat.  1898,  61,  180. 

3  Ibid.  1902,  67,  57. 

*  Arch.  Pharm.  1918,  266,  289. 
s  Ibid.  1928,  266,  121. 

6  Z.  ITnters.  Nahr.-Gennaam.  1910,  19,  2.57. 

* 
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worked  on  the  nuts  of  P.  koraiensis,  belonging  to  the  same  group  as 
P.  Cemhra;  and  Woods  and  Merrill  in  their  monograph  ^  give  analyses 
of  nuts  (pikons)  of  three  species  growing  west  of  the  Rocky  Mountains 

and  Mexico. 

In  the  air-dry  skin,  forming  1  per  cent  of  the  nut,  and  the  water-tree 
shell  Schulze  found  respectively:  water  10.3  and  0,  protein  6.2  and  0.8, 
fat  12.4  and  1.2,  total  carbohydrates  69.3  and  97.2  (fiber  61.1,  nitrogen- 

free  extract  36.1),  and  ash  1.8  and  0.8  per  cent. 

Adams  and  Holmes  ^  in  air-dry  nuts  of  P.  monophylla,  containing 
7.88  per  cent  of  water,  found  only  22.77  per  cent  of  ether  extract  but 

57.21  per  cent  of  nitrogen-free  extract. 

Proteins. — Schulze  and  Winterstein  ^  determined  the  hexone  bases, 
and  Abderhalden  and  Teruuchi  ^  the  mono-amino  acids  in  the  globulin 
of  the  Norway  spruce  (Pfceu  e:rce/s(i  Link  =  Pinus  excelsalj^ui.  =  Pinus 
Abies  L,).  Their  combined  results  appear  in  the  table  below  together 
with  those  of  Yoshimura  ^  on  the  globulin  of  the  Korean  pine  (P.  korai¬ 
ensis  Sieb.  et  Zucc.). 


Amino  Acids  of  Pine  Nut  Globulins 


P.  excelsa 

P.  koraiensis 

/c 

% 

Glvcocoll . 

0.6 

Alanine . 

1.8 

Valine . 

present 

Leucine . 

6.2 

11.40 

Serine . 

0.1 

Aspartic  acid . 

1.8 

Glutamic  acid . 

7.8 

2.70 

Tyrosine . 

1.7 

2.50 

Phenyalanine . 

1.2 

Proline . 

2.8 

Tryptophane . 

present 

Arginine . 

10.90 

7.05 

Lysine . 

0.25 

0.89 

Histidine . 

0.62 

0.53 

35.77 

25.07 

1  Maine  Aj^r.  Exp.  Sta.  1899,  Bui.  54. 

2  J.  Ind.  Eng.  Chem.  1913,  5,  285. 

®  Z.  physiol.  Chem.  1901,  33,  547. 

« Ibid.  1905,  46,  473. 

Z.  Unters.  Nahr.-Genussm.  1910,  19,  257. 
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Oil.  Physical  and  Chemical  Values. — Several  coniferous  oils  have 
been  examined  by  G rimmed  Of  the  authors  named  above  who  have 
made  proximate  analyses  of  the  nuts,  Matthes  and  Rossi4,  Maranis, 
Schulze,  arid  Adams  and  Holmes  have  also  examined  the  oil.  Blasdale  ^ 
examined  the  oil  of  P.  rnonophylla,  and  Merrill  ^  examined  the  oil  of 
P.  edulis. 

Values  of  Pink  Nut  Oils 


% 

Sp.  gr. 
15°  C. 

Refr. 

index 

25°  C. 

Solidify¬ 
ing  point 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

P.  Ceinbra  (Swiss  pine) : 
Grimme . 

0.9310 

1.4704 

°C. 

-21 

188 

156.3 

150 

P.  Pinea  (stone  pine): 

Grimmp  . 

0.9320 

1 .4739 

-22 

192.0 

120.9 

\lnfthps  nnd  Ro.s.si^ . 

0.9198 

1 .4732 

-21 

192.8 

125 

0.9213 

1.4719 

192 

119 

P.  excelsa  (Norway  spruce) ; 
Grimmp  . 

0.9312 

1 .4778 

-20 

192 

120.5 

P.  monophylla  (pinon): 

i* 

0.9333 

1.4709* 

192.8 

101 .3 

1 . 4098 

-15t 

189.3 

108.0 

illlLl  J.  1  . . 

P.  edulis  (pinon): 

0.9228 

1 .4041 

105.8 

- - - - 

*  15°  C.  (?).  t  Melting  point. 


In  addition  to  the  al)Ove  figures  Matthes  and  Rossis  obtained  the 
following:  Reichert-Meissl  numlx-r  0.8,  I’olenske  number  0.6,  Hehner 

number  94.81,  and  acetyl  number  10.9. 

Compositmn.-Adams  and  Holmes  from  their  exammation  of  the 
fatty  acids  of  pinon  oil  conclude  that  it  consists  chiefly  of  the  glyceride 
of  oleic  acid  with  small  amounts  of  the  glycerides  of  stearic,  palmitic. 


lauric,  and  linolic  acids. 

Matthes  and  Rossi^  obtained  the  following  figures  on 
oil  from  P  Pinea  in  terms  of  percentage  of  the  total  acids; 

% 


fatty  acids  in 


Stoiiric  Hcid . . 
]*iilmitic  MPid 
Oloir  iipid  .  .  • 
Linolic  acid . 

'A 


.  0.4 

’V .  5.1 

' .  53.0 

.  40  0 

100.00 

3  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 


'  Chem.  Ztg.  1911,  36,  925. 

2,1.  Soc.  Chem.  Ind.  1890,  16,  205. 
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Phytosterol  — ^  found  0.40  per  cent  of  phytosterol  in  the  oil. 

Lipase. — Nicolai  ^  has  studied  the  lipolytic  activity  of  pine  seeds 
during  germination  as  shown  by  the  carbon  dioxide  evolved  from  sodium 

carbonate  by  the  liberated  fatty  acids. 

Carbohydrates. — Schulze  ^  found  in  the  water-free  nut  of  P.  Cembra 
9.3  per  cent  of  water-soluble  nitrogen-free  substances  including  6  per 
cent  of  sugar,  5.1  per  cent  of  starch,  and  2  to  3  per  cent  of  hemicellulose 
including  1.5  per  cent  of  pentosans.  The  hemicellulose  yielded,  on 
hydrolysis,  galactose  and  xylose. 

Phosphorus-Organic  Compounds. — Schulze  ^  found  1  per  cent  of 
lecithin  and  1  per  cent  of  phytin  in  the  material  mentioned  in  the  pre¬ 
ceding  paragraphs.  The  lecithin  contained  3.6  per  cent  of  phosphorus."^ 
Matthes  and  Rossid^  found  0.048  per  cent  of  lecithin  phosphoric  acid 
calculated  as  P2O5. 

Enzymes. — Lipase  is  mentioned  above. 

Catalase  is  present  in  dead  as  well  as  live  seeds,  according  to  Vilmorin 
and  Cazaubon;  ®  hence  it  is  not  a  factor  in  vitality. 

Peroxidase  occurs  in  pine  seeds,  according  to  Coupin.^ 

Mineral  Constituents. — An  analysis  of  the  ash  is  also  given  by 
Schulze  as  follows : 


K20 

Na20 

CaO 

MgO 

P2O5 

SiO, 

Undeterm. 

% 

29.40 

% 

1.44 

% 

6.70 

% 

9.86 

% 

42.80 

% 

1.40 

% 

8.40 

Minor  Mineral  Constituents.  Manganese.— Kernel  36.4,  shell  11.1  mg.  per  kilo 
dry  basis  (Quartaroli).*  ^ 

Copper.— Kernel  51.7,  shell  1.6  mg.  per  kilo,  dry  basis  (Quartaroli).® 

Zinc.  Kernel  of  P.  Pinea  55.5  mg.  per  kilo,  fresh  basis  (Bertrand  and  Benzon).® 


^  Loc.  cit. 

2  Biochem.  Z.  1926,  174,  373. 

^  Loc.  cit. 

*Z.  physiol.  Chem.  1901,  62,  54. 
®  Loc.  cit. 


®  Compt.  rend.  1922,  176,  50. 

^  Ibid.  1925,  180,  685. 

®  Ann.  chim.  appl.  1928,  18,  47. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 


NUTS  OF  THE  PALM  FAMILY 


(Palmacex) 


2  { 
f 


Writers  on  tropical  agriculture  dwell  on  the  variety  of  useful  , 
products  obtained  from  members  of  this  family.  Of  the  four  nuts; 
(fruits)  here  classed  with  foods  the  cocoanut  and  palm  nut  also  yield* 
oil  for  soap-making,  the  ivory  nut  is  primarily  a  technical  product, : 
and  the  cohune  nut,  although  used  now  only  for.  soap-making,  can  bcj 

refined  for  food.  i 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  mcsorarp; 

of  the  cocoanut  and  cohune  nut  is  fibrous,  of  the  palm  nut  oily,  of  the  j 
ivory  nut  saccharine.  Stegmata  or  cells  containing  siliceous  bodies, 
occur  on  the  fibers.  A  hard  endocarp  occurs  in  all  four,  but  this  is  thin;, 
in  the  case  of  the  ivory  nut.  Only  one  seed  matures  in  the  cocoanut, 
cohune  nut,  and  palm  nut,  several  in  the  ivory  nut.  A  hard  endosperm' 
characterizes  the  ivory  nut,  a  soft  oily  endosperm  the  other  three  species. 
Oil  occurs  in  the  endosperm  of  all  four  nuts  but  is  abundant  and  avail¬ 
able  for  pressing  only  in  the  cocoanut,  cohune  nut,  and  palm  nut.  i 

four  nuts  have  minute  embryos.  r  j 

COMPARATIVE  MICROSCOPIC  STRUCTURE.  Endocarp.-- 

stone  cells  of  the  usual  type,  in  many  rows,  form  the  hard  tissue  of  the 
cocoanut,  cohune  nut,  and  palm  nut;  curious 

chymatized  palisade  cells  in  a  single  layer  make  up  the  inner  shell  of  the 

'''°  ThrLdospenn  cells  of  the  cocoanut  have  thin,  un'fo™ 

those  of  the  palm  nut,  knotty-thickened  walls;  ^ 

thickened  porous  walls  constituting  the  bulk 

ctii  ol  .IHHn,  »  .h.  — 

’’"‘‘comparative  chemical  COMPOSITION.-Calculated  to  the 

of  protein,  50  per  cent  of  oil,  and  13  per  cent  up 
extract.  The  chief  P'-^tein  is  a  globuhm^  The 

the  cohune  nut  are  characteriz  c  y  g  Reirhert-Meissl  number 

(over  250),  low  iodine  number  (8  to  23  -^h  Reich 
up  to  8.3),  and  high  Polenske  number  (up  to  20).  Olycer 
'  ^  366 
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and  myristic  acids  are  the  chief  constituents,  capric  and  in  some  cases 

caprylic  and  caproic  acids  also  being  present. 

Ivory  nut  belongs  in  a  widely  different  class  from  the  oil  seeds  in 
that  the  shelled  nut  contains  hardly  more  than  1  per  cent  of  ether- 
soluble  matter.  The  reserve  material  is  largely  in  the  cell  walls  but, 
inasmuch  as  the  fiber  on  the  average  is  less  than  7  per  cent  and  the 
nitrogen-free  extract  over  75  per  cent,  the  bulk  of  the  walls  must  be 
soluble  in  the  acid  and  alkali  used  in  the  fiber  determination. 


PALM  NUT 


Elseis  guineensis  L. 


Fr.  Noix  de  palme.  Sp.  Nuez  de  palrna.  It.  Noce  di  palma.  Ger.  Palmkern. 


Two  parts  of  the  palm  fruit  yield  commercial  oils — the  fruit  flesh, 
the  source  of  palm  oil,  and  the  endosperm,  the  source  of  palm  nut  oil. 

Palm  oil  is  edible  when  freshly  prepared  from  good  material,  but 
the  commercial  oil  is  suited  only  for  soap-making  and  other  techincal 
purposes. 

Palm  nut  oil  is  edible  but  is  much  less  used  than  cocoanut  oil,  which 
it  resembles  in  composition.  Advantage  has  been  taken  of  its  deep 
orange-red  color  to  give  imitation  butter,  made  chiefly  of  colorless  fats,  • 
the  appearance  of  the  real  without  resorting  to  dyestuffs. 

The  tree  is  grown  by  natives  on  the  west  coast  of  Africa,  who  also 
make  palm  oil  from  the  fruit  flesh  by  crude  processes  and  shell  the  nut 
before  shipment  to  European  or  American  centers  where  palm  nut  oil 
is  pressed  out  from  the  endosperm. 

MACROSCOPIC  STRUCTURE. — Both  in  size  and  morphology  the 
nut,  which  is  a  drupe,  suggests  a  plum,  but  the  oily  mesocarp  places  it  in 
the  class  with  the  olive  and  the  avocado.  Like  the  cocoanut  it  has  a  hard 


endocarp  and  a  white  oily  endosperm,  but  the  endocarp,  which  reaches 
over  6  mm.  in  thickness,  is  very  dark  colored  and  the  endosperm  nearly 
fills  the  seed  cavity.  The  commercial  shelled  seed  is  irregular  in  shape, 
with  one  or  more  flattened  sides,  and  varies  up  to  over  2  cm.  in  length. 
The  thin,  black  spermoderm  is  closely  attached  to  the  endosperm.  Some 
of  the  seeds  have  fragments  of  the  endocarp  attached. 

STRUCTURE  (Fig.  148).  Endocarp— The  stone 
ce  s  (end),  like  those  of  the  cocoanut,  are  isodiametric  or  moderately 
elongated  with  yellow  walls  and  dark  contents. 

Spermoderm  (S).-In  cross  section  the  cells  are  nearly  isodiametric; 

tangential  section  they  are  elongated  in  different  directions  They 
contain  a  deep  brown  substance.  ^ 
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Endosperm  (E). — The  cell  walls  are  thicker  than  those  of  the  cocoa- 
nut  and  appear  to  have  knotty  thickenings  due  to  pores.  These  pores 
are  best  seen  in  walls  at  right  angles  to  the  optical  axis. 

As  in  the  case  of  the  cocoanut  the  ground  substance  of  the  aleurone 
grains  (al)  is  not  always  evident,  but  the  crystalloids  (up  to  25  m)  are 

beautifully  distinct,  especially  after  extraction 
with  a  fat  solvent  and  mounting  in  glycerin 
iodine. 

In  addition  to  oil  drops,  feathery  crystals 
(o/)  are  often  evident  in  glycerin  mounts. 

Chief  Structural  Characters. — Fruit  a 
small,  oily  drupe.  Endocarp  hard,  thick,  black; 
spermoderm  thin,  black;  endosperm  white, 
nearly  filling  cavity. 

Endocarp  stone  cells  similar  to  those  of 
cocoanut.  Spermoderm  cells  thin-walled,  tan¬ 
gentially  elongated.  Imdosperm  with  knotty- 
thickened  walls;  aleurone  grains  up  to  25  oil 
in  drops,  and  fat  in  feathery  crystals. 

CHEMICAL  COMPOSITION.  —  Fendler  ^ 
gives  the  following  percentages  of  fruit  pulp, 
shell,  and  kernel  in  the  whole  fruit  and  of  oil  in 
the  fruit  pulp  and  the  kernel,  the  percentages  of 
shell  being  on  the  authority  of  Lommel.^ 

.From  these  figures  it  is  obvious  that  the 
production  of  oil  from  the  pulp,  known  as  palm 
oil,  may  be  several  times  that  from  the  kernel, 
known  as  palm  nut  oil. 

Proteins.-Jones,  Gersciorff,  and  Moeller'*  obtained  1.95  and 
0.74  per  cent  for  cystine  and  tryptophane  respectively  m  palm  nut 

protein. 


Fir..  148. — Palm  Nut  in 
croBS  sertion.  end  endo¬ 
carp.  S  Bpormoderm.  E 
endosperm:  al  aleurone 

(Trains,  ol  fat  crystals. 
XIGO.  (A.L.W.) 


Minimum 

Maximum 

Piiln  . 

/o 

24 

/o 

70 

SVipII  . 

25 

5() 

9 

25 

40 

()0 . 5 

in  . . 

43 

50 

1  Retil.  Enz.  Ges.  Pharm.  1907,  9,  713. 

2  Drr  Pflanzer,  1910,  [).  290. 


3,J.  Biol.  Cheni.  1924,  62,  183. 
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Palm  Oil. — Freshly  and  cleanly  extracted  palm  oil  is  edible,  but  the 
product  of  native  African  labor,  made  by  wasteful  and  unsanitary  proc¬ 
esses,  is  suited  only  for  technical  purposes  and  then  only  after  refining. 
It  is  usually  high  in  acid  and  of  a  disgusting  odor. 

Various  authors  call  attention  to  the  high  acidity.  The  fresh  oil 
contains  usually  at  least  10  per  cent  of  acids,  calculated  as  oleic,  which 
increases  rapidly,  often  reaching  50  to  70  per  cent  and  even  higher.  It 
is  possible  for  all  the  fatty  acids  to  become  liberated,  in  which  case  the 
glycerides  may  be  removed  by  washing. 

Physical  and  Chemical  Values  are  given  below  under  Palm  Kernel  Oil. 

Composition  of  Palm  Oil. — Authorities  disagree  widely  on  the  com¬ 
position  of  both  palm  oil  and  palm  kernel  oil. 

In  the  opinion  of  Brash  ^  no  acids  other  than  oleic  and  palmitic  occur 
in  considerable  amount  and  probably  no  acids  of  greater  unsaturation 
than  oleic.  He  found  about  10  per  cent  of  tripalmitin  and  triolein  in 
neutral  palm  oil  and  palmito-distearin  in  hardened  palm  oil  formed 
from  palmito-diolein. 

Rayner^  on  the  other  hand  records  12  to  19  per  cent  of  stearic  acid  in 
the  solid  acids  and  states  that  Armstrong  and  Allan  found  nearly  20  per 
cent.  He  found  that  the  iodine  number  of  the  liquid  acids  varied  from 
99  to  109,  corresponding  to  10  to  20  per  cent  of  linolenic  acid. 

McKinley  ^  at  the  time  of  writing  has  the  last  word  in  the  contro¬ 
versy.  The  oil  examined  was  from  Belgian  Congo  and  had  the  following 
values:  specific  gravity  25725°  0.9146,  refractive  index  at  25°  C.  1.4578, 
saponification  number  197.9,  iodine  number  (Hanus)  53.7,  Reichert- 
Meissl  number  0.10,  Polenske  number  0.29,  acetyl  number  15.27,  sat¬ 
urated  acids  44.3  per  cent,  unsaturated  acids  50.6  per  cent,  iodine 
number  of  unsaturated  acids  99.9,  acid  number  20.65,  and  unsaponi- 

fiable  matter  0.39  per  cent.  The  percentages  of  the  individual  glycer¬ 
ides  are  as  follows : 


Composition  of  Palm  Oil 
Glyderides  of : 

Lignoceric  acid . 

Stearic  acid . 

Palmitic  acid . 

Myristic  acid . 

Oleic  acid . 

Linolic  acid . 

Unsaponifiable  matter .... 


(McKinley) 

% 

.  0.1 

.  5.2 

.  40.8 

.  0.5 

.  47.2 

.  5.6 

.  0  30 

99 . 79 


"Oil  Fat  Ind.  1929,  6,  No.  6,  17. 


UJ.  Soc.  Chem.  Iiul.  1926,  46,  438T. 
"Ibid.  1927,  46,  160T. 
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Palm  Kernel.  Cornpositioji  of  Kernels  and  Cake. — A  summary  of 
6  analyses  of  the  shelled  kernel  reported  by  Dietrich  and  Konig/ 
Schadler,^  and  Emmerling,^  also  of  900  analyses  of  the  cake,  both  whole 
and  ground  (palm  cake  meal),  compiled  by  Dietrich  and  Konig,  follow: 


Composition  of  Palm  Kernel  and  Cake 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

/o 

% 

% 

% 

Palm  kernel: 

6 

Min  . 

6.13 

7.90 

45.40 

26.76 

5.44 

1.55 

Max  . 

9.45 

8.93 

53.80 

30.45 

6.53 

1.86 

Avpr  . 

8.40 

8.41 

48.75 

26.87 

6.82 

1.76 

Palm  kernel  cake: 

(MX) 

Min  ,  ,  , . 

5.46 

10.70 

4.43 

20.07 

7.64 

2.32 

\T  nv  . . 

15.00 

26.28 

14.65 

57.34 

38.21 

8.85 

10.09 

16.20 

10.98 

_ 

37.38 

21.45 

3.90 

A  comparison  of  tlie  fisures  in  the  foregoing  table  sliows  that  the  cake 
contains  an  excess  of  fit)er  due  in  part  to  imperfect  removal  of  the  shell. 

Fmmerling^  confirms  the  statements  of  previous  authors  (Nord- 
linger,  Rostock,  and  Dietrich  and  Ronig)  as  to  the  high  aci.hty  of  palm 
kernel  cake  and  especially  of  the  meal  (ground  cake).  He  found  a 
range  of  13  1  to  70  in  the  cake  and  of  8.9  to  8G.6  in  the  meal,  expressed 
in  terms  of  percentages  of  the  fat.  The  highest  percentages  were  cor- 
related  with  the  lowest  percentages  of  fat  in  the  cake  or  mea  . 

Palm  Kernel  Oil.— The  expressed  oil  varies  m  color  from  light  yellow 
to  brown^erw.  A  grade  selected  because  of  its  deep  color  has  been 
Iised  ^buner  substitutes.  The  acidity  is  welt  within  10  per  cent,  even 

‘'"ra^and  Hall,^  after  making  a 

rnJgToTm^^r  l-U  published  values  are 


>  Zuaammens.  Verd.  I'utterm.  1801,  1.  578. 
2  Tech.  Fette,  1883,  p.  t)19- 
3 1.andw.  Vers-Stat.  1898,  60, 

<,I.  Soc.  Chem.  Ind.  1919,  38,  12HT. 
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Values  of  Palm  Oil  and  Palm  Kernel  Oil 


Sp.  gr. 

100715° 

C. 

Ref. 
index 
40°  C. 

Melt¬ 

ing 

point 

Sapon¬ 
ifica¬ 
tion  No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Polenske 

No. 

Fatty 

acids, 

titer 

°C. 

1 

°C. 

Palm  oil: 

0  857 

1  4531 

25 

196 

51 

0.5 

35 

0  860 

1 . 4558 

50 

206 

58 

2.0 

45 

Palm  kernel  oil: 

Min. 

0.856 

1 . 4494 

23 

242 

10 

4 

6 

20 

Max . 

0.874 

1.4517 

30 

255 

23 

8 

12 

26 

too  low.  They  further  state,  however,  that  the  extracted  oil  has  a  lower 
iodine  number  than  the  expressed  oil. 

Composition  of  Palm  Kernel  Oil. — Determinations  of  the  percentages 
of  fatty  acids  in  palm  kernel  oil  by  Elsdon  ^  and  by  Heiduschka  and 
Burger  -  show  wide  differences  as  brought  out  in  the  following  table : 


Composition  of  Palm  Kernel  Oil 


Glycerides  of: 
Stearic  acid . . 
Palmitic  acid 
Myristic  acid 
Laurie  acid .  . 
Capric  acid . . 
Caprylic  acid 
Caproic  acid . 
Oleic  acid , . . . 


Elsdon 

Heiduschka  and 
Burger 

% 

% 

7 

trace  ? 

9 

trace  ? 

12 

23.27 

55 

51.96 

6 

5.00 

5 

2.50 

2 

0.55 

4 

16.72 

100 

100.00 

Mixtures  corresponding  to  the  above  analysis  of  Heiduschka  and 
Burger  corresponded  closely  with  the  natural  product. 

^  Analyst  1914,  39,  78. 

28,  I,  304.  20,  361,  see  also  Heiduschka,  Z.  angew.  Chem.  1915, 
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Pulp  Oil  of  Various  Palms. — Three  varieties  of  Elxis  nigrescens  and 
two  of  E.  virescens  yield  oils  which,  according  to  analyses  by  Hebert, ^ 
hiive  values  agreeing,  except  for  unimportant  exceptions,  with  those  of 
palm  oil. 

Kernel  Oil  of  Various  Palms. — The  oil  of  ten  Brazilian  palms  has 
been  examined  by  Teixera  da  Fonseca.^  Seven  of  these  have  values 
agreeing  closely  with  those  of  palm  nut  oil,  namely,  two  of  varieties 
of  Cocos  syagruSj  two  of  species  of  Astrocaryum,  and  one  each  of  Aero- 
comia  sclerocarpa,  Maximiliana  regia,  and  Attalea  funifera.  Two 
samples  were  from  varieties  of  Elxis  guineensis,  but  the  values  were 
intermediate  betw'een  those  of  typical  palm  oil  and  palm  kernel  oil 
(saponification  number  231.4  and  220.2;  iodine  number  25.5  and  31.6) 
although  probably  seed  oils.  One,  from  (Enocarpus  bataua  (patassa), 
had  values  which  were  not  even  intermediate  between  those  of  palm  and 
palm  kernel  oils  but  were  beyond  the  limits  of  the  former  (saponification 
number  191.8;  iodine  number  78.2). 


COHUNE  NUT 


Attalea  Cohune  Mart. 


The  nut  of  the  cohune  palm  is  a  product  of  Honduras.  Although  the 
oil  is  now  used  for  soap-making  it  can  be  refined  for  food  purposes. 

MACROSCOPIC  STRUCTURE.— The  nut  resembles  a  diminutive 
cocoanut  and  the  kernels  are  separated  with  difficulty  from  the  hard 


pericarp. 

MICROSCOPIC  STRUCTURE.— No  data  available.  ^ 

CHEMICAL  COMPOSITION.  Proteins.- Johns  and  Gersdorff 
obtained  20.63  per  cent  of  protein  in  the  press  cake.  The  glohuhn  pre¬ 
cipitated  from  the  brine  extract  with  ammonium  sulphate  resembles 

that  of  the  cocoanut.  . 

Amino  Acids  of  Cohune  Crlobulin.-TX^o  globulin  contained,  according 

to  Johns  and  Gersdorff: 


Cystine. , 
Arginine . 
Lysine. . 
Histidine 


0.81 

17.17 

7.42 

1.72 


Jones,  Gersdorff,  and  Moeller  found  in 
and  tryptophane  0.65  per  cent. 


the  globulin:  cystine  2.17 


1  Mat.  Grasses  1912,  4,  2171. 

2  Int.  Rev.  Sci.  Prac.  Agr.  1922,  1,  395; 

3  J.  Biol.  Chem.  1920,  46,  57. 

<  Ibid.  1924,  62,  183. 


Chem.  Abs.  1923,  17,  3010. 
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The  Nitrogen  Distribution  of  the  globulin  as  obtained  by  Jones  and 
Gersdorff  was:  amide  nitrogen  7.5,  humin  nitrogen  adsorbed  by  lime 
0.84,  humin  nitrogen  in  amyl  alcohol  extract  0.11,  cystine  nitrogen  0.53, 
arginine  nitrogen  30.87,  histidine  nitrogen  2.61,  lysine  nitrogen  7.94, 
amino  nitrogen  of  filtrate  47.87,  and  non-amino  nitrogen  of  filtrate  2.28 
per  cent.  ^ 

Fat  (Oil). — The  nut  as  examined  by  Bray  and  Elliott  ^  contained 
4.5  per  cent  of  water  and  65.4  to  71.6  per  cent  of  fat.  The  values  of 
the  oil  found  by  them  differ  little  from  those  of  palm  kernel,  being  as 
follows: 


Sp.  gr. 
100715° 
C. 

Melting 

point 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Reichert- 

Wollny 

No. 

Polenske 

No. 

Fatty 

acids, 

titer 

Unsapon- 

ifiable 

matter 

°C. 

°C. 

% 

Min.  .  . 

0.868 

22 

252.4 

11.0 

6.8 

12.5 

19.7 

0.2 

Max. .  . 

0.871 

24 

256.5 

13.7 

8.3 

15.4 

21 

0.3 

COCOANUT 

Cocos  nucifera  L. 

Fr.  Coco.  Sp.  Coco.  It.  Cocco.  Ger.  Kokosnuss. 

For  centuries  one  of  the  most  important  products  in  the  tropics, 
the  cocoanut  of  late  years  has  entered  on  a  large  scale  into  the  world’s 
commerce.  ISio  other  nut  is  so  extensively  used  in  domestic  cookery  or, 
with  the  exception  of  the  peanut,  as  an  ingredient  of  confectionery' 
Shredded  cocoanut  for  these  purposes  is  sold  desiccated  or  canned 
From  the  dried  meat,  known  as  copra,  are  obtained  cocoanut  oil,  much 
used  in  the  manufacture  of  butter  and  lard  substitutes  as  well  as  soap 
and  cocoanut  cake,  a  by-product  that  ranks  among  the  most  concen- 
rated  of  cattle  foods.  Coir  fiber  from  the  pericarp  is  utilized  in  making 
mats,  matting,  and  cordage  and  for  calking.  Only  one  by-product  has 

prestige  namely  cocoanut  shells,  many  tons  of  which  were  formerlv 
ground  for  adulterating  spices.  ^ 

Asia^SeTM^f '  tree,  some  favorir>g 

As,a  others  Malaysia.  In  any  event  the  nut  lends  itself  to  dissemination 

the  "'‘IS  not  a  necessary  agent  Today 


1  Analyst  1910,  41,  298. 
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MACROSCOPIC  STRUCTURE. — A  striking  character  of  the  inflor¬ 
escence  is  the  long,  dense  spike  of  staminate  flowers,  with  a  single  pistil 


Fig  149.— Cocoanut  Fruit.  Axis:  S  lower  part  forming  stem,  A  upper  end  with 
sears  of  staminate  flowers.  Pericarp:  Epi  epicarp,  Mes  fibrous  mesocarp,  Eral 
hard  endocarp  (shell).  T  inner  spermoderm  adhering  to  endosi)erm.  Alb  endo-) 
sperm  about  cavity  of  nut.  A' germinating  eye.  XH-  (A.L.W .) 


1 


late  flower  at  the  base,  enclosed  in  a  spathe.  The  three-ovuled,  three-j 
celled  ovary  develops  into  a  one-celled,  one-seeded  fruit,  but  the  trian-, 

Kular  shape,  the  longitudinal  ridges  on  the  nut,  and  the. 


three  nenninatinn  eyes  at  the  base  belong  to  the  three, 
i  original  carpels.  i 


The  fruit  (Figs.  149  and  150)  is  somewhat  larger  _ 


■i  than  a  man’s  heatl  and  has  a  blunt-pointed  tip.., 
I  The  tough  epicarp  {Epi),  the  mass  of  fibrous  tissues; 
forming  the  mesocarp  (d/es),  the  hard  brown  woody^ 


shell  or  endocarp  (End),  several  millimeters  thick,  thc^ 


thin  soft  sDormoderm  (7’),  and  the  endosperm  (Alb)\ 
Fto.  1.W.-C0C0..  thin,  sott  speimo  ie  y 


r;;  ’e,osely  united,  but  the  epicarp  and  most  of  the> 
mesocarp  are  cut  away  before  f 


CLand";.""::;!:"'!  the  siieU  down  to  the  raphe  and  its  numerous 
left.  XH.  (A.L.W.)  jg  t,rokcn  away  before  eating  or  preparing 


it  protrudes  on  sprouting. 
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Fig.  151.  Cocoanut.  Shell  in  cross  section.  Mes  adhering  mesocarn*  hr 

Pa>enchyma,  ,  vascular  l,undle.%„d  enXarn 

stone  cells  9  va^ular  tmdle^'^Zlh™"*"'’  f """  elongated 

die.  7  adhering  outer  spermoderm.  X60.  (A.L.W.) 
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The  juilk  which  is  :it  first  present  gradually  solidifies  to  form  the 
endosperm. 


Fig.  152. — Cocoanut.  Large  flattened  mesocarp  fiber  in  cross  section,  ste 
stegmata;  /  sheath  of  bast  fibers;  ph  two  phloem  groups;  x  xylem;  p  parenchyma 
of  ground  tissue;  o  small  rudimentary  vascular  bundle.  X90.  (A.L.W.) 


F.0  I53.-Cocoanut.  I^argc  mesocarp  Aher  in  longitudinal  section^ 

,,mata;  .St  si.icious  ..dy ;  /  b..t  vlJe,  Tsieve 

th  lar,<e  pits;  spiral  vessel;  r  reticulated  ve^U,  c 

he*  c  cambiform  cells;  c'  companion  cells.  X3(K).  {  ■  ■  ■) 


MICROSCOPIC  STRUCTURE.-Hanausek  ‘  ami  later  authors 

ilescribe  the  endosperm ;  Winton  ^  describes  the  em  ocarp. 
uescriue  u  ‘  „  ,55  Mic.  Tech.  Producte.  New  "iork, 

1  Nahr.  u.  Genussm.  Kassel,  loo4,  p.  loo. 


1916,  p.  404. 
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Pericarp. — The  mesocarp  or  fibrous  mass  differs  from  the  endocarp 
or  shell  largely  in  that  the  ground  tissue  is  of  thin-walled  parenchyma 
(Fig.  151,  hr,  w)  instead  of  stone  cells.  A 
brown  substance  often  impregnates  the  tissues. 

The  fibers  (Figs.  152,  153  and  154)  have  a 
thick  sheath  of  bast  fibers  (/)  with  stegmata 
(ste)  here  and  there  on  the  surface,  each 
containing  a  warty  siliceous  body  (*Sf)  up  to 
12  jj.  in  diameter.  The  vascular  bundle  is 
double  with  the  two  phloem  groups  (ph)  well  separated  by  bast  fibers 
and  the  xylem  groups  (x)  combined  to  form  one.  In  the  latter  are  a 
variety  of  vessels  (trachse)  and  jointed,  pitted  elements  (tracheids). 


Fig.  1.54. — Cocoanut.  Silici- 
ous  bodies  from  stegmata  of  a 
fiber.  XloOO.  (A.L.W.) 


Fig  155.-Cocoanut.  Shell  in  radial-longitudinal  section,  sp  siiiral  vessel 
.9  pitted  vessel,  and  /  thick-walled  porous  cells  of  vascular  bundle;  1st  longitudinally 
xToa  transversely  elongated  and  isodiametric  stone  cells 


hndo(aip  (ligs.  151,  155  and  156). — Characteristic  of  the  stone  cells 
il^t,  gst)  are  their  yellow  walls  and  dark  brown  contents,  also  their  frequent 


OIL  SEEDS 


:i78 


elongation  and  arrangement  in  groups,  those  in  the  same  group  being 
extended  in  the  same  direction. 

Spermoderm  (Fig.  151,  T;  Fig.  157;  158,  S). — In  the  outer  spermo- 
derm  the  cells  are  large,  elongated  in  various  directions  with  porous 
walls  of  medium  thickness;  in  the  inner  spermoderm  they  are  small  and 
non-porous. 

Endosperm  (Fig.  158). — Cells  of  the  outer  emiosperm  {E^),  making 
up  two  or  three  layers,  are  isodiametric;  those  of  the  inner  endosperm 
{E~)  are  large  and  radially  elongated.  Throughout  oil  (ol^)  or  crys- 
Udline  fat  (o/“)  and  aleurone  grains  with  crystalloids  (al)  are  the  visible 

cell  contents. 

Whether  the  fatty  matter  is  oil  or  fat  depends  in  some  degree  on  the 
temperature.  When  sufficiently  warm  only  oil  drops  are  visible;  when 


•I"'  “ 

XHiO.  (A.L.W.) 


no  .listinct  outer  coat  protein  nuatte 

up  to  25  M  or  over.  resembling  aggregates  of  rice 

left  in  the  form  of  a  network  or  g  p  ,  •  i.  ^ccur  with  large  in  the 

starch.  Hanausek^s  .^e  both 

snme  gram  and  Hartwicn  s 
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present  need  verification.  The  close  proximity  of  small  grams  to  large 
might  lead  to  the  erroneous  interpretation  that  they  occur  m  the  same 

grain. 

Chief  Structural  Characters.— Nut  large,  hollow,  with  milk 
when  fresh.  Mesocarp  fibrous;  endocarp  hard,  brown;  spermoderm 
thin;  endosperm  white,  oily;  embryo  minute. 


Fig.  157. 


Fig.  158. 


Fig.  157.— Cocoanut.  Outer  spermoderm  in  tangential  section,  sp  spiral 
vessels;  k  globular  and  v  film-like  cell  contents;  st  stone  cells.  X300.  (A.L.W.) 

Fig.  158.— Cocoanut.  S  inner  spermoderm,  outer  and  inner  endosperm 

in  cross  section  oil;  crystalline  fat;  aZ  crystalloids;  n  network  after  dis¬ 
solving  oil  m  ether.  X160.  (A.L.W.) 


Mesocarp  and  endocarp  with  double  vascular  bundles  in  parenchyma 
and  stone  ce  1  ground  tissue  respectively;  vascular  bundles  with  steg- 
mata,  bast  fiber  sheath,  and  two  groups  of  phloem.  Outer  spermoderm 
of  large  porous  cells;  inner  spermoderm  of  small  non-porous  cells 
Outer  endosperm  of  small  isodiametric  cells;  inner  endosperm  of  large' 
la  y  eongated  cells;  contents  oil  drops  or  radiating  fat  crystals  or 


380 


OIL  SEEDS 


both  and  aleurone  grains  with  large  and  small  crystalloids  in  indistinct 
ground  substance. 

CHEMICAL  COMPOSITION. — The  literature  prior  to  1902  is 
fully  covered  in  a  monograph  entitled  “  Chemical  Studies  of  the 
('ocoanut  with  some  Notes  on  the  Changes  during  Germination”  by 
Kirkwood  and  Cues/  free  use  of  which  has  been  made  in  the  following 
pages. 

Percentages  of  Parts. — Determinations  have  been  made  by  Von 
Ollech  (Konig)-  and  Bachofen^  with  results  as  follows: 


Husk 

Shell 

Kernel 

Milk 

Vnn  Ollpcb  . 

% 

30.45 

57.28 

% 

19.59 

11.59 

% 

37.78 

18.54 

.% 

12.18 

12.58 

Uuphnfpn  . 

Husked  nuts  from  Jamaica  and  the  New  \ork  market  were 
separated  into  their  parts  by  Kirkwood  and  Gies  with  the  following 

results: 


Samples 

Shell 

Kernel 

Milk 

Sp.  gr. 
of  milk 

% 

% 

% 

Jamaica: 

21 

23.5 

48.2 

8.2 

1.014 

32.8 

62.0 

25.1 

1.037 

27.8 

66.2 

17.0 

1.023 

New  York  market: 

12 

23.1 

48.8 

7.3 

1.015 

1.034 

1.021 

32.9 

63.3 

27.0 

27.1 

66.1 

17.8 

_ 

— 

Composition  of  Cocoanut  Products.-Doterminations  of  ‘^0  jMs 

. . . ill «l i™  imo f 

and  Gies/  follow: 


1  Bui.  Torrey  Bot.  Club,  1902,  29,  321. 

*  Mensch.  Nahr.-Genussm.  1893,  2,  495. 
3  Queensland  Agr.  J.  Apr.  1900. 
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Water 

Organic 

matter 

Ash 

% 

% 

% 

Milk: 

Min . 

94.62 

3.82 

0.41 

Max . 

95.73 

4.78 

1.02 

Aver . 

96  23 

4.21 

0.66 

Kernel : 

Min . 

42.10 

46.61 

0.90 

Max . 

52.29 

59.46 

1.11 

Aver . 

46.31 

62.66 

1  03 

In  the  table  below,  the  analyses  of  unripe  and  ripe  cocoanut  milk  by 
Van  Slyke  ^  show  the  transition  from  glucose  to  sucrose  on  ripening. 
Other  analyses  of  milk  from  ripe  nuts  are  by  Hammerbacher  ^  and 
Woods  and  Merrill.^  Benre  ^  obtained  figures  for  the  usual  proximate 
constituents  in  3  samples  of  the  milk  in  harmony  with  those  of  the  fore¬ 
going  authors  and  in  addition  phosphoric  acid  0.05  to  0.18  and  chlorine 
0.16  to  0.22  gram  per  100  cc. 

The  analyses  of  the  kernel  by  Woods  and  Merrill  are  of  fresh  nuts 
although  they  appear  to  have  been  dried  preliminary  to  analysis.  The 
figures  given  by  Konig  for  copra  are  the  averages  of  early  analyses; 
recent  analyses  are  not  available,  which  seems  remarkable  in  view  of 
the  great  economic  importance  of  the  product.  The  range  in  fat  of 
21  analyses  of  kiln-  and  hot  air-dried  copra  from  various  regions,  as 
given  by  Schindler  and  Waschata,^  is  64.47  to  74.72  per  cent. 

The  shredded  cocoanut  analyzed  by  Atwater  and  Bryant  ®  represents 
the  desiccated  preparation  used  for  confectionery  and  pastries,  now 
largely  replaced  by  the  moist  tinned  product. 

Lastly  the  analyses  of  the  cake,  quoted  by  Dietrich  and  Konig,^ 

and  the  analysis  by  Garay*  of  the  meal  or  ground  cake,  obtained 

by  the  expeller  process,  show  the  composition  of  the  products  used 
for  feeding. 


^Chem.  Centralbl.  1891,  1,  595. 

2  Landw.  Vers.-  Stat.  1875,  18,  472. 

’  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 

*  Pharm.  Centralh.  47,  1046. 

Chem.  Rev.  1905,  p.  169. 

®  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1906,  Bui.  28  rev, 
^  Zusammens.  Verd.  Futterm.  1891,  p.  723. 

« Phil.  Agr.  1921,  10,  55. 
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Composition  of  Cocoanut  Products 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash: 

% 

% 

% 

% 

% 

% 

Milk  from  unrii^e  nuts: 

Van  Slyke . 

95.01 

0.13 

0.12 

4.11* 

0.0 

0.63 

Milk  from  rijie  nuts: 

Van  Slyke . 

91 .23 

0.29 

0.15 

7.27t 

0.0 

1.06 

Hammerhacher . 

91.50 

0.40 

0.07 

6.78 

0.0 

1.19 

\Voo4ls  and  Merrill . 

92.7 

0.4 

1.5 

4.6 

0.0 

0.80 

Kernel : 

Kirkwootl  and  Gies.  .  .  . 

40.31 

4.081 

37.29 

7.90 

3.39 

1.03 

Konifj  (copra) . 

5.81 

8.88 

67.00 

12.44 

4.06 

1.81 

Wooils  and  Merrill . 

14.1 

5.7 

50.6 

27.9 

L70 

Shredded  cocoanut: 

Atwater  and  Bryant.  .  . 

3.5 

6.3 

57.4 

31 

.5 

1.3 

Cocoanut  cake: 

Dietrich  and  Konig 

Min . 

5.49 

10.36 

2.43 

26.71 

5.65 

2.68 

Max . 

19.55 

29.73 

23.04 

50.78 

28.30 

9.45 

Aver . 

10.66 

19.06 

11.06 

41.06 

14.12 

4.06 

Cocoanut  meal: 

Caray . 

11.19 

20.94 

14.13 

34.53§ 

13.82 

5.39 

*  Glucose  .’1.97  per  cent,  sucrose  none, 
t  Glucose  trace,  sucrose  4.42  per  cent. 
tNXo.o. 

§  Carbohydrates  24.90,  water-soluble  free  organic  acids  as  oleic  7.07  per  cent. 


Proteins— The  only  protein  present  in  cocoanut  endosperm  in  con¬ 
siderable  amount  is  a  globulin,  the  conglutin  of  Ritthausen,^  and  the 
phytovitellin  of  Chittenden  and  Sctchell,^  Kirkwood  aiwi  Gies,»  who 
regard  this  protein  as  an  edestin,  have  prepared  it  in  crystalline  form.  A 
photomicrograph  of  their  preparation  shows  mostly  rhombohed^ral 
forms  altiiough  they  state  that  octahedra  usually  predominate.  They 
further  found  that  the  globulin  contained  18.24  per  cent  of  nitrogen  and 
1.84  per  cent  of  ash.  Ritthausen  found  17.8  and  17.9  per  cent  of  nitro¬ 
gen  and  (ihittenden  and  Setchell  18.40  per  cent. 

A  proteose  obtained  by  Kirkwood  and  Gies  from  the  globulin  filtrate 

contained  18.53  per  cent  of  nitrogen  and  1.33  per  cent  of  ash. 

Jones,  Gersdorff,  and  Moeller  •*  obtained  in  cocoanut  globulin  the 

following:  cystine  1.54  and  tryptophane  1.25  per  cent. 

Amino  Acids  of  Cocoanut  Globulin.-Thc  products  of  hydrolysis  o 
cocoanut  globulin,  as  determined  by  Johns  and  Jones  an  y  ones  aw 

'  Pfluger’s  Arch.  1880,  21,  81.  .  Chem.  1924,  f2,  ISO. 

2  Chittenden:  DiReative  Proteolysis,  1895,  p. 
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Johns  ^  together  with  the  results  of  Johns,  Finks,  and  Gersdorff  "  on 
cystine  and  basic  amino  acids,  appear  in  the  table  below : 

Hydrolysis  Products  of  Cocoanut  Globulin  (Jones  et  al.) 


Alanine .  4.11 

Valine .  3.57 

Leucine .  5.96 

Serine .  1.76 

Cystine . '. .  1.44 

Aspartic  acid .  5.12 

Glutamic  acid .  19.07 

Tyrosine .  3.18 

Phenylalan  i  ne .  2.05 

Proline . 5.54 

Try  tophane .  + 

Arginine .  15.92 

Lysine .  5.80 

Histidine .  2.42 

Leucylvaline  anhydride .  0.64* 

Ammonia .  1.57 


78.15 

*  Dakin’s  butyl  alcohol  method. 


Nitrogeji  Distribution  in  Cocoanut  Globulin. — Johns,  Finks,  and 
Gersdorff,2  employing  Van  Slyke’s  method,  determined  the  nitrogen 
distribution  in  cocoanut  globulin  with  the  following  results  in  percent¬ 
ages  of  the  total  nitrogen:  amide  nitrogen  7.99,  humin  nitrogen  absorbed 
by  lime  1.41,  humin  nitrogen  in  amyl  alcohol  extract  0.11,  cystine  nitro¬ 
gen  0.96,  arginine  nitrogen  29.5,  histidine  nitrogen  3.68,  lysine  nitrogen 
6.41,  amino-nitrogen  of  filtrate  45.44,  and  non-animo  nitrogen  of  fil¬ 
trate  4.6  per  cent.  The  free  animo-nitrogen  was  nearly  half  the  lysine 
nitrogen. 


Oil.— The  wide  gap  between  the  cocoanut  palm  and  its  near  relative 
t  e  oil  palm  on  the  one  hand  and  the  common  e.xogenous  plants  yielding 
commercial  oils  on  the  other  is  exemplified  by  the  radical  differences  in 
the  nature,  values,  and  composition  of  the  fats. 

Cocoanut  oil  seems  an  inappropriate  name  for  cocoanut  fat,  as  in 
temperate  regions  it  is  usually  solid.  Cocoa  butter,  a  name  appropri- 

a  ed  by  cacao  fat  rightfully  belongs  to  cocoanut  oil  since  it  approacLs 
butter  m  physical  and  chemical  characteristics. 

Physical  and  Chemical  Valuss.-The  following  range  of  values  com- 

P.led  from  various  sources,  distinguishes  sharply  cocoanut  oTl’  frl 

M.  Biol.  Chem.  1920,  44,  283,  291. 

^  Tbid.  1919,  37,  149. 
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common  vegetable  and  animal  oils,  excepting  palm  nut  oil  and  other 
oils  and  fats  of  the  palm  family: 


Sp.  gr. 
1(X)715“ 

Refrae. 
Index. 
40°  C. 

Melting 

point 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Polenske 

No. 

I'atty 

acids, 

titer 

°C. 

°C. 

Min .  .  . 

1.863 

1.4475 

20 

250 

8 

6 

15 

21 

Max.  .  . 

1.874 

1.4495 

27 

265 

10 

8 

20 

26 

Composition. — Cocoanut  oil  consists  largely  of  fatty  acids  of  low 
molecular  weight  (hence  its  high  saponification  number)  and  high  sat¬ 
uration  (hence  its  low  iodine  number).  It  further  simulates,  in  a  degree, 
butter  fat  in  containing  a  considerable  amount  of  volatile  fatty  acids 
soluble  in  water,  as  shown  by  a  higher  Reichert-Meissl  number  than 
vegetable  fats  of  other  groups.  The  relatively  high  Polenske  number, 
representing  volatile  insoluble  acids,  which  is  a  measure  of  the  content 
of  myristic  and  lauric  acids,  is  characteristic  of  both  cocoanut  arid  palm 
kernel  oils,  distinguishing  them  from  butter  fat  as  well  as  other  vegetable 
fats  and  oils. 

In  addition  to  myristic  and  lauric  acids,  Bomer  and  Baumann  ^ 
demonstrated  the  presence  of  palmitic,  stearic,  oleic,  and  caprylic  acids 
but  did  not  find  caproic  and  capric  acids,  formerly  thought  to  be  present. 
They  state  that  the  glycerides  of  the  saturated  fatty  acids  consist  in 
large  part  of  a  capr>do-lauro-myristin,  a  myristo-dilaurin,  and  a  lauro- 
dimyristin,  the  melting  points  being  respectively  15°,  33°,  and  38.1°  C. 
Very  small  amounts  of  a  palmito-dimyristin  and  a  stearo-dipalmitin, 
melting  respectively  at  45°  and  about  55  C.,  are  also  present. 

•  Expressed  and  Extracted  Oils  have  practically  the  same  composition, 
as  shown  by  the  following  figures  reported  by  Merrill.- 


Sp.  gr. 
24°  C. 

Refrae. 

index 

20°  C. 

Iodine 

No. 

Ether-extracted  oil . 

0.9223 

0.9228 

1.4553 

1.4550 

6.27 

6.17 

1  Z.  Enters.  Nahr.-Genussm.  1920,  40,  97. 

2  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 
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Carbohydrates. — De  Kruijff  ^  states  that  the  milk  of  the  young  nut 
contains  sucrose  which  is  inverted  by  the  enzyme  sucrase  during  ripen¬ 
ing,  also  that  the  mature  nut  contains  oxidase  and  catalase. 

Dunstan  -  found  sucrose  0.1  per  cent,  glucose  0.9  per  cent,  and  man¬ 
nitol  1.8  per  cent  in  cocoanut  milk  (“  water  ”)  evidently  from  quite 
immature  nuts  as  the  milk  of  ripe  nuts  contained  sucrose  2.6  per  cent 

and  glucose  0.5  per  cent  but  no  mannitol. 

Lahille,^  agreeing  with  Van  Slyke  (see  analyses  above)  and  Dunstan 
but  not  with  De  Kruijff,  found  sucrose  in  the  milk  of  the  mature,  not  the 
young,  nut. 

Ripening  Changes  are  grouped  by  Gonzalez  y  Sioco  ^  into  three 
periods:  (1)  before  the  formation  of  the  endosperm  when  invert  sugar 
and  amino  acids  accumulate  in  the  milk,  (2)  when  the  loss  of  water  from 
the  nut  takes  place  and  sucrose  appears  in  the  milk,  and  (3)  when  a 
sudden  rise  in  the  oil  content  of  the  endosperm  and  a  loss  of  nutrients 
in  the  milk  occur. 

Caray,^  supplementing  his  analytical  studies  mentioned  above,  has 
isolated  from  dried  copra  meal  sucrose,  raffinose,  galactose,  fructose, 
and  glucose,  and  from  the  milk  sucrose,  fructose,  and  glucose.  As  proof 
he  shows  photomicrographs  of  the  sugars.  Following  are  the  percent¬ 
ages  found: 

Carbohydrates  of  Dried  Copra  Meal  (Caray) 


% 

Sucrose .  14.33 

Raffinose .  2.42 

Galactose .  2.42 

Pentoses .  2.40 

Fructose .  1.20 

Glucose .  1.19 

Cellulose .  15.55 

Pentosans .  2.22 

Starch .  0.87 

Dextrin .  o.58 

Galactan .  0.50 


43.68 


Mineral  Constituents. — Both  Hammerbacher  ®  and  Bachofen"  have 
analyzed  the  ash  of  the  kernel  and  of  the  milk,  and  in  addition  Bachofen 

■  Bui.  Dept.  Agr.  Indes  N&rland  1906,  p.  1;  Abs.  Exp.  Sta.  Rec.  1907,  18,  826 
Prop.  Agr.  Mag.  Ceylon  Agr.  Roc.  1906,  26,  377;  Abs.  Exp.  Sta.  Rec.  18,  338 
Bui  ocon.  Indochme.  n.  ser.  1920,  23,  1;  Abs.  Exp.  Sta.  Rec.  46,  507. 

Phil.  Agr.  Forest.  1914,  3,  25. 

Phil.  Agr.  1924,  13,  229. 

®  Loc.  cit.  Loc.  cit. 
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has  analyzed  the  ash  of  the  husk  and  of  the  shell.  The  latter  analyst 
gives  his  results  for  chlorine  in  terms  of  sodium  chloride  in  the  cavse  of 
the  husk  and  shell. and  in  terms  of  sodium  and  potassium  chlorides  in 
the  case  of  the  kernel  and  milk,  but  the  writers  have  recalculaW  these 
results  in  order  to  make  them  comparable  with  those  of  Hammerbacher. 


Ash  Analyses  ok  Parts  of  Cocoanut 


.\sh  * 

K2O 

XaaO 

CaO 

MkO 

FejOat 

1*206 

SO3 

SiOj- 

Cl 

0  t 

Hammerbacher: 

% 

% 

c/ 

/c 

% 

c/ 

,  c 

% 

% 

% 

% 

% 

Kernel . 

0.97 

13. 8S 

8.. 39 

4.63 

9.43 

. . 

16.99 

.3.09 

0..30 

13.42 

3.02 

Milk . 

Bachofen: 

1.9 

20 

0.73 

3.68 

6.61 

20.. 31 

.3.23 

. 

10.37 

2.34 

Husk . 

1 . 6.1 

30.71 

27 .  .36 

4.14 

2.19 

0..34 

1.92 

3.13 

8.22 

27.88 

6.30 

SheU . 

0.29 

4.').  01 

23.67 

6.26 

1..32 

1..39 

4.64 

.3.7.3 

4.64 

9.44 

2.13 

Kernel . 

0.79 

.■>4 . 06 

2.66 

3. 10 

1.98 

0 .  .39 

20.33 

8.79 

1.31 

9.2.3 

2.08 

Milk . 

0..18 

.34 .  .37 

1.3.96 

7 . 4.3 

.3.97 

trace 

.3 . 68 

3.94 

2.9.3 

3.3.. 32 

8.02 

*  In  part  ashi'd.  f  Includes  AI2O3.  J  Eijui valent  to  Cl. 


Lahille‘  believes  that  the  potash  exists  in  the  milk  as  nitrate  and 
chloride. 

Minor  Mineral  Constituents.  Endosperm  10,  milk  0  mg.  per  kilo,  air-dry 

basis  (Bertrand  and  Benzon).* 


IVORY  NUT 


Phytelcphas  spp. 

Fr.Corozo.  Sp.Marfil  vegetal.  It.  Avorio  vegetale.  Ger.  Elfenbeinnuss. 

True  vegetable  ivory  is  the  endosperm  of  several  species  of  Phytele- 
phas  while  the  so-called  Polynesian  ivory  nuts  are  produced  by  two 
species  of  Codococcus.^  :Most  of  the  commercial  product  is  obtained 

from  Phytelephas  rnacrocarpa  R.  et  P. 

Although  used  primarily  for  making  buttons,  the  refuse,  ground  and 
roasted,  has  been  used  as  a  coffee  substitute,  and  finely  ground  has  value 
for  feeding  farm  animals. 

The  nut  is  here  classed  as  an  oil  seed  as  it  is  non-starchy  and  contains 
oil  and  protein,  but  it  more  properly  belongs  in  a  special  class  because  o 
the  rich  store  of  carbohydrate  in  the  thickened  walls.  Other  products 
with  reserve  material  chiefly  in  the  cell  walls  are  the  coffee  berry,  date 

stone,  and  persimmon  seed. 


*  I>oc.  cit. 

2  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

-  Hanausek-Winfen:  Mi<-.  Tech.  Pro<l.  New  York,  1907,  pp. 
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MACROSCOPIC  STRUCTURE— In  general  structure,  the  large 
fruit  differs  from  the  cocoanut  and  palm  fruit  in  that  it  is  six-  to  seven- 
seeded  and  the  mesocarp  is  edible  and  saccharine,  not  fibrous  or  oily. 
Only  the  nuts,  consisting  of  endocarp  and  seed,  enter  the  world  com¬ 
merce.  Each  is  the  size  of  an  egg  but  in  shape  suggests  the  segment  of 
an  orange.  At  the  base  it  bears  an  excrescence  resembling  half  of  a 
peach  pit.  The  shell,  consisting  of  “endocarp 
and  outer  spermoderm,  is  brittle,  dull  gray  on 
the  surface,  but  dark  brown  after  scraping, 
and  usually  less  than  1  mm.  thick.  The  kernel 
is  loose  in  the  shell  and  consists  of  inner  sper¬ 
moderm  and  a  dense  mass  of  horn-like  endo¬ 
sperm  with  a  small  slit-like  cavity  in  the  middle. 

The  minute  embryo  lies  beneath  the  excrescence 
of  the  nut. 

MICROSCOPIC  STRUCTURE  (Fig.  159). 

Pericarp.— The  outer  coat  consists  of  cork  cells 
{su)  in  several  rows;  the  inner  coat  is  a  single¬ 
cell  layer  of  curious  palisade  cells  (end)  about 
400  jji  high,  with  richly  porous  walls  and  funnel- 
shaped  lumen,  each,  as  shown  by  Molisch,^ 
containing  a  siliceous  body  in  a  black  mass. 

The  entire  dissimilarity  of  both  coats  to  any 
in  the  cocoanut  or  palm  nut  is  noteworthy. 

Further  morphological  studies  seem  desirable. 

Spermoderm  (>S). — The  outer  layers  are  of 
rounded  cells  in  loose  contact  with  thick  walls 
and  dark  brown  contents,  the  inner  layers  of 
polygonal  cells  in  close  contact  with  thinner 
walls  and  light  brown  contents.  Between  the 
two  run  the  raphe  bundle  (fv)  and  its  branches, 
through  which  the  separation  of  the  kernel  takes 
place. 

Endosperm  (E). — As  seen  in  cross  section 
the  cells  increase  in  radial  elongation  and  wall 
thickness  from  without  inward.  The  double  walls  in  the  interior  of  the 
nut  reach  the  remarkable  thickness  of  50  u-  Pores,  enlarged  at  the 

middle  lamell*,  are  conspicuous.  Oil  drops  and  formless  matter  con- 
stitute  the  cell  contents. 

Chief  Structural  CHAEACTEBs.-Nut  gray-brown,  irregular,  with 
_crescenceat  base;  shell  thin,  brittle;  spermoderm  separating  through 
the  raphe;  endosperm  hard,  white.  ^ 

^Centr.  Org.  Waarenk.  Tech.  1891,  p.  103. 


Fig.  159. — Ivory  Nut  in 
cross  section.  Pericarp:  su 
cork,  end  palisade  cells.  S 
spermoderm;  fv  raphe  bundle. 
E  endosperm.  X  160.  (A.L.W.) 
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Outer  shell  of  cork-like  cells,  inner  shell  of  funnel-shaped  cells  up  to 
400  fjL,  each  with  a  siliceous  body.  Spermoderm  of  stone  cells.  Endo¬ 
sperm  with  enormously  thick  (50  /x),  porous  walls;  contents  oil  and 
disorganized  matter.* 

CHEMICAL  COMPOSITION. — Chief  interest  centers  in  the  cell- 
wall  material  that  fonns  by  far  the  greater  part  of  the  seed.  Although 
hard  and  ivory-like  in  structure  and  lacking  any  considerable  amount 
of  carbohydrate  in  the  cell  cavity,  the  by-product  from  the  button 
industry  has  long  been  known  to  have  decided  feeding  value  for  farm 
animals.  Beals  ^  states  that  the  annual  importation  into  the  United 
States  is  about  10,000  tons  valued  at  $1,500,000. 

In  the  course  of  a  study  of  the  composition  and  feeding  value  of 
ivory  nut  meal  by  Beals  and  Lindsey  ^  analyses  were  made  as  shown  in 
the  following  summary : 


Composition  of  Ivory  Nut  Meal  (Beals  and  Lindsey) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

0.13 

12.04 

11.39 

% 

3.94 

5.26 

4.63 

% 

0.60 

1.18 

0.92 

% 

74.17 

77.56 

75.09 

% 

6.13 

7.75 

6.89 

% 

0.80 

2.30 

1.80 

Max . 

Aver . 

An  early  American  analysis^  showed:  water  18.78,  protein  3.37,  fat 
0.70,  nitrogen-free  extract  68.57,  fiber  7.50,  and  ash  1.08.  German 
analyses  fall  within  the  range  of  those  given  herewith. 

Carbohydrates. — Beals  and  Lindsey  ^  found  that  92.5  per  cent  of  the 
nitrogen-free  extract  is  mannan,  yielding  on  hydrolysis  mannose,  and 
that  2.5  per  cent  of  pentosans  is  present.  No  evidence  was  found  of 
lignin,  galactan,  starch,  and  dextran.  The  groat  bulk  of  the  seed  is 
accordingly  cell-wall  carbohydrate  convertible  into  hexosc  sugar  or  its 
equivalent.  Fed  to  sheep  and  cows  84  per  cent  of  the  dry  matter  ant 
92  per  cent  of  the  nitrogen-free  extract  were  digested  and  utilized. 

Bourquclot  and  llerissey,-*  Hudson  =  and  Horton  <>  have  developed 
methods  of  preparation  of  mannose  from  ground  ivory  nut. 

ij.  Ind.  Eng.  Chem.  1915,  7,  101. 

2J.  Agr.  Res.  1910,  7,  301. 

3  Connecticut  Agr.  Exp.  Sta.  Rep.  1880,  p.  86. 

^  Compt.  rend.  1901,  133,  302. 

3  J.  Am.  Chem.  Soc  1917,  39,  470. 

3  J.  Ind.  Eng  Chem.  1921,  13,  1040. 
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Bertarelli  i  states  that  the  meal  spread  out  in  a  thin  layer,  moistened 
with  phloroglucinol  and  hydrochloric  acid,  and  warmed,  becomes  orange, 
changing  later  to  amaranth  red.  Sawdust  treated  in  like  manner  at 

once  takes  on  an  amaranth  red  color. 

Enzymes.— Paton,  Nanji,  and  Ling  2  by  the  action  of  malt  diastase 

on  ivory  nut  shavings  suspended  in  water  obtained  a  considerable 
amount  of  reducing  sugar.  Previous  boiling  of  the  suspended  shavings 
inhibited  the  action  of  the  enzyme.  The  shavings  themselves  contain 
an  enzyme  that  acts  on  the  mannan,  forming  mannose. 

^  Z.  Unters.  Nahr.-Genussm.  1907,  13,  484. 

2  Biochem.  J.  1924,  18,  451. 
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NUTS  OF  THE  WALNUT  FAMILY 

I 

{J  uglandaceat) 

Trees  of  two  geiieni,  Juglans  (walnuts)  and  Carya  (hickories),  are 
valuable  for  their  nuts  as  well  as  their  timber.  Edible  oil  is  made  on  a 
commercial  scale  from  English  walnuts  and  to  some  extent  from  other 
nuts  of  the  family. 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  common 
tints  of  the  two  genera  may  be  classified  as  follows: 

Husk  indehiscent  {Jnglatis). 

Nut  nearly  isodianietric,  four-celled  at  base: 

Nut  smooth . Knglish  walnut  {J.  regia  L.) 

Nut  rough . Black  walnut  {J.  nigra  L.) 

Nut  elongated,  two-celled  at  base: 

Nut  smooth . Japanese  walnut  (J.  Sieboldiana  Maxim.) 

Nut  rough . Butternut  (J.  cinerea  L.) 

Husk  separates  as  four  segments  (Carya). 

Nut  elongated,  cylindrical;  .shell 

and  hu.sk  thin . Pecan  (Carya  Pecan  E.  et  G.) 

Nut  flattened,  angled,  as  broad  as 

long;  shell  and  husk  thick . Hickory  nut  (Carya  ovata  Koch) 

All  the  species  have  a  hard  cndocarp,  a  thin  spermoderm  and  endo¬ 
sperm,  and  fleshy,  much  wrinkled,  two-lobcd  cotyledons.  The  seed  is 

COMPARATIVE  MICROSCOPIC  STRUCTURE.  Pencarp.-T  he 
shell  or  endocarp  consists  of  a  dense  stone  cell  tissue  with  a  thin  lining 
of  brown  parenchyma.  Of  the  Spermoderm  tissues  the  outer  epiderni 
is  of  special  interest  because  of  the  characteristic  curved  guard  cells  o 
the  raised  stomata.  Young  '  ((pioting  Godfrin  relies  on  the  degree  « 
curving  of  the  guard  cells  in  diagnosis  but  the  distinctions  are  of  ques- 

ttSS  U.bl.  B-e.  .h—  .t 

able  in  identifying  some  of  the  species. 

Perisoerm  —Reduced  to  a  structureless  membrane. 

too-  (»•  »  »>'•  •“  " 

of  vascular  bundles)  is  usually  present. 

1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160,  15. 

*Soc.  Sci.  Nancy.  1880,  p.  138. 
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Outer  epiderm  in 
surface  view 

Outer  epiderm  in 
cross  section 

Subepiderm 

English  walnut.  . 
Black  walnut .  .  . 
Japanese  walnut . 
Butternut . 

Isodiametric,  straight-walled 
Isodiametric,  straight-walled 
Isodiametric,  straight-walled 
Isodiametric,  straight-walled 
Elongated,  straight-walled .  . 
Elongated,  wavy-walled, 
ViPfl.ded  . 

\ 

Higher  than  broad 
Isodiametric 
Isodiametric 
Isodiametric 

Broader  than  high  | 

Broader  than  high  J 

Not 

differentiated 

Like  epiderm 

Pecan . 

Hickory  nut .... 

Cotyledons. — Small  aleurone  grains  and  fat  are  the  visible  cell  con¬ 
tents,  the  aleurone  grains  seldom  exceeding  10  n. 

COMPARATIVE  CHEMICAL  COMPOSITION.— Members  of  the 
group  differ  somewhat  in  the  content  of  protein  (15  to  30  per  cent)  and 
oil  (60  to  70  per  cent).  The  analyses  available  indicate  that  black 
walnut,  Japanese  walnut,  and  butternut  are  characterized  by  relatively 
high  protein  and  low  oil;  English  walnut,  pecan,  and  hickory  nut  by 
relatively  low  protein  and  high  oil. 

Proteins. — English  walnut,  black  walnut,  and  butternut  appear  to 
contain  the  same  globulin,  juglansin.  Too  little  work  has  been  done  on 
the  proteins  of  species  of  Cary  a  (pecan  and  hickory  nut)  to  warrant 
conclusions. 

Oil. — High  iodine  number  characterizes  the  fatty  oil  of  the  English 
walnut  (138  to  152),  black  walnut  (upward  of  170),  Japanese  walnut 
(151),  and  butternut  (129).  Lower  iodine  number  is  characteristic  of 
the  oil  of  pecan  and  hickory  nut  (both  between  100  to  107).  These  dif¬ 
ferences  are  due  to  higher  content  of  linolein  in  the  Juglans  group  which 
in  English  walnut  reaches  over  70  per  cent,  whereas  in  the  pecan  nut 
of  the  Cary  a  group  it  is  less  than  25  per  cent. 


ENGLISH  WALNUT 

Juglans  regia  L. 

Fr.  Noyer  comraun.  Sp.  Nogal.  It.  Noce.  Ger.  Walnuss. 

It  IS  probable  that  the  English  or  Persian  walnut  is  a  native  of  a  belt 
extending  from  southeastern  Europe  eastward  to  the  Pacific  Ocean 
At  present  it  is  cultivated  in  England  and  throughout  southern  Europe' 

ibinM  w Wood  of  the  tree  is  much  used  in 
cabinet  work  throughout  Europe. 
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MACROSCOPIC  STRUCTURE  (Fig.  160). — Commercial  nuts  are 
light  brown  but  this  color  is  due  to  bleaching.  Not  only  is  the  shell 
thinner  than  that  of  the  other  walnuts  but  it  may  be  readily  split  in  half 


Fig.  160.  Fig.  161.  Fig.  162.  Fig.  163. 
English  Japanese  Butternut.  Black 
walnut.  walnut.  walnut. 

All  Xli  (A.L.W.) 


Fig.  104.  Fiq.  165. 
Pecan.  Hickory 
nut. 


with  a  knife  through  the  suture.  Thin  partitions  separate  the  two 
cotyledons  and  their  lobes,  making  the  seed  four-celled  at  the  base. 

MICROSCOPIC  STRUCTURE.  Pericarp.— The  endocarp  or  shell 
consists  chiefly  of  a  mass  of  colorless  stone  cells  which  in  the  outer  part  are 


A* 


C 


Fig.  166. 


Fig.  167. 


Fig  166.— English  Walnut.  Seed  in  cross  section.  S  spermoderm:  aep  outer 
epiderm  with  stomn,  p  collapsed  parenchyma  with  fv  vascular  bundle.  E  endosperm. 

^  EngKsh  Walnut.^  Outer  epiderm  of  spermoderm  in  surface  view 

showing  three  forms  of  stomata.  X160.  (K.B.W.) 


small,  iaodiametric  with  tliick  walls  and  narrow  lumen  and  in  the  inner 
part  are  larger  witli  thinner  walls  and  broader  lumen.  No  eontents 
•ire  visible.  Brown  spongy  parenchymn  forms  tlie  inner  s  le  . 

Spermoderm  (Fig.  166,  S;  Fig.  167).-Only  three  ; 

the  subepiderm  not  being  ilifferentiated:  (1)  outer  cpidcrm  {aep) 
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surface  view  of  nearly  isodiametric  cells  with  straight  walls,  in  cross 
section  radially  elongated,  and  raised  stomata  with  more  or  less  curved 
guard  cells,  (2)  middle  spermoderrn  of  more  or  less  compressed,  character¬ 
less  parenchyma  (p),  also  vascular  bundles  (fv),  and  (3)  inner  epiderm  of 

indistinct  tangentially  elongated  cells. 

Usually  the  outer  epiderm  cells  are  about  twice  as  high  as  broad. 
Sometimes  they  are  divided  by  a  tangential  wall  into  two  cells.  Differ¬ 
ences  in  the  curving  of  the  guard  cells  of  the  stomata  are  shown  in 
Fig.  167. 

Perisperm. — Reduced  to  a  membrane. 

Endosperm  (Fig.  166,  E). — Except  near  the  vascular  bundle  only 
one  cell  layer  is  usually  present.  The  contents  are  small  aleurone  grains 
and  fat. 

Cotyledons  (Fig.  166,  C). — The  aleurone  grains  are  small,  seldom 
reaching  10  u- 

Chief  Structural  Characters. — Nut  smooth,  nearly  isodiametric, 
thin-shelled,  splitting  at  the  suture.  Spermoderrn  and  endosperm  thin. 
Cotyledons  fleshy. 

Endocarp  of  stone  cells,  smallest  but  thickest-walled  in  outer  part. 
Spermoderrn  with  cells  of  outer  epiderm  in  surface  view  nearly  isodia¬ 
metric,  in  cross  section  radially  elongated;  guard  cells  of  stomata  more 
or  less  curved.  Endosperm  mostly  of  one  cell  layer.  Cotyledons  with 
small  aleurone  grains. 

CHEMICAL  COMPOSITION. — Colby  ^  includes  the  walnut  in  his 
extensive  analyses  of  California  nuts. 


Composition  of  Kernels  of  California  Walnuts  (Colby) 


Kernel  * 

Water 

Protein 

Fat 

N-f.ext.f 

Fiber 

Ash 

Soft-shell  varieties: 

% 

% 

% 

% 

% 

% 

% 

Min . 

38.4 

2.5 

14.3 

COO 

14.5 

1.4 

1 .2 

Max . 

45.1 

2.5 

20.4 

67.0 

19.1 

3.2 

1  6 

Aver . 

41  9 

2  6 

,  16  6 

G3.4 

16.1 

2.6 

1  4 

Bijou . 

26.9 

2.5 

18.4 

64.4 

13.1 

1.4 

1.7 

*  Per  cent  in  nut.  f  Includes  fiber. 

Four  European  a.nalyses  compiled  by  Konig  2  showed  15  82  to  17  96 
per  cent  of  protein  and  54.59  to  67.15  per  cent  of  fat,  on  the  dry  basis. 

1  California  Agr.  Exp.  Sta.  1896,  Bui.  113. 

^Chem.  mensch.  Nahr.-Genussm.  1903,  1,  611. 
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Pfister  ^  quotes  Prof.  jMariani  of  Locarno  to  the  effect  that  walnut 
oil  is  produced  in  considerable  amount  only  in  the  Muggio  valley,  the 
press  cake  of  that  region  containing  41.8  per  cent  of  protein  and  12.5  per 
cent  of  fat. 

English  Walnut  Shells. — An  analysis  by  Winton,  Ogden,  and 


Mitchell  “  yielded: 

% 

Water .  7.69 

Protein  (N  X6.25) .  1.69 

Ether  extract,  volatile .  0.12 

Ether  extract,  fixed .  0.55 

Alcohol  extract .  1.84 

Reducing  matters  * .  19.30 

Starch  by  diastase .  1.01 

Quercitannic  acid .  2.08t 

Fiber . .  56.58 

Ash,  total .  1.40 

Ash,  water-soluble .  0.77 

Ash,  acid-insoluble .  0  00 


*  Hy  direct  inversion.  t  H<iuivalent  to  0..W  per  cent  of  f>  absorbed  by  a<iueouB  extract. 


Proteins. — The  globulin  of  the  English  walnut  was  found  by  Osborne 
and  Oainpbell^  to  have  practically  the  same  elementary  composition  as 
that  of  the  hazelnut,  hence  the  name  corylin  was  applied  to  both.  Later 
because  0.42  per  cent  more  ammonia  was  liberated  by  Hausmann’s 
method  the  globulin  of  the  walnut  group,  including  the  English  walnut, 
the  black  walnut,  and  the  butternut,  was  judged  to  be  distinct  from  the 
corylin  of  the  hazelnut  and  was  designed  iugr/ansfn. 

Ultimate  Composition  of  J uglansin.—The  following  is  Osborne  and 

Campbell’s  analysis: 


Carbon .  . 
Hydrogen 
Nitrogen. 
Sulphur. . 
Oxygen . . 


50.64 

6.79 

19.07 

0.89 

22.61 


100.00 


The  Specific  Rotation  of  Juglansin,  as  determined  by  Osborne  ami 
'  Harris-'  for  the  different  nuts  of  the  group,  is:  English  walnut  45.2  , 

^  Landw.  Vers.-Stat.  1894,  43,  441. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1898,  p.  210. 

3  Connecticut  Agr.  Exp.  Sta.  Rep.  1895,  p.  288. 

*  J.  Am.  Chem.  Soc.  1903,  26,  842. 
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black  walnut  -44.43°,  butternut  -45.40°-all  within  limits  of  analytical 
error  and  noticeably  different  from  the  specific  rotation  of  coryhn, 

which  is  —43.09°.  i  i  xj  •  i 

Nitrogen  Distribution  in  Juglansin. — Results  by  Osborne  and  Harris 

on  the  percentage  of  nitrogen  in  the  different  forms  follow:  basic 

(diamino)  nitrogen  5.41,  non-basic  (monoamino)  nitrogen  11.51,  nitrogen 

in  magnesium  oxide  precipitate  (humin)  0.15,  and  amide  nitrogen  1.78, 

total  nitrogen  18.84  per  cent. 

Amino  Acids  of  English  Walnut  Globulin.— Jones,  Gersdorff,  and 
Moeller  2  obtained  the  following:  cystine  2.18  and  tryptophane  2.84 
per  cent. 

Oil. — Walnut  oil,  known  in  Central  Europe  as  nut  oil,  is  excellent  for 
salads,  but  its  chief  use  is  in  artists’  colors  and  fine  varnishes.  It  has 
drying  properties  similar  to  those  of  hemp  and  poppy  oils. 

Physical  and  Chemical  Values.— Following  are  the  limits  of  analyses 
found  in  the  literature: 


Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Solidifying 

point 

Maumene 

No. 

Saponifica¬ 

tion 

No. 

Iodine 

No. 

°  C. 

Min . 

0.922 

1 . 4724 

-28 

96 

186 

138 

Max . 

0.927 

1.4752 

-12 

101 

198 

152 

Jamieson  and  McKinney^  secured  the  following  results  in  the  exam¬ 
ination  of  California  walnut  oil:  specific  gravity  at  25°  C.  0.9235,  refrac¬ 
tive  index  at  25°  C.  1.4751,  saponification  number  194.5,  iodine  number 
(Hanus)  158.5  and  (Wijs)  161.7,  Reichert-Meissl  number  0.11,  Polenske 
number  0.19,  acetyl  number  6.09,  acid  number  5.11,  saturated  acids 
5.34  per  cent,  unsaturated  acids  89.74  per  cent,  iodine  number  of  unsat- 
uratcd  acids  166.7,  hexabromide  8.88  per  cent,  and  unsaponifiable 
matter  0.51  per  cent. 

Composition.— From  the  foregoing  data  Jamieson  and  McKinney 
calculate  the  percentage  composition  of  walnut  oil  as  shown  below. 

Matthes  and  Rossi4  ^  obtained  similar  results  but  did  not  separate 
the  solid  acids. 

Carbohydrates— Data  on  the  carbohydrates  of  the  walnut  being 

^  J.  Am.  Chem.  Soc.  1903,  26,  848. 

=^J.  Biol.  Chem.  1924,  62,  183. 

®  Oil  Fat  Ind.  1929,  6,  21. 

^  Arch.  Pharm.  1918,  266,  302. 
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Glycerides  of :  % 

Arachidic  acid .  trace 

Stearic  acid .  0.9 

Palmitic  acid .  4.6 

Myristic  acid .  trace 

Oleic  acid .  17.6 

Linolic  acid .  72.8 

Linolenic  acid .  3.2 

U nsaponifiable  matter .  0.5 

99.6 

lacking,  the  reader  is  referred  to  results  obtained  in  the  analysis  of  the 
pecan  nut. 

Phosphorus-Organic  Compounds. — Bielecki  and  Sztencel  ^  have 
studied  the  lecithin  and  phytin  of  the  p]nglish  walnut.  From  the  0.2 
per  cent  hydrochloric  acid  extract  they  precipitated  the  calcium  and 
magnesium  salts  of  inositolpentaphosphoric  acid.  They  also  prepared 
copper  and  lead  salts. 

Mineral  Constituents. — Analyses  by  Colby  ^  of  the  husk,  shell,  and 
kernel  of  California  walnuts,  made  primarily  to  show  the  amounts  of 
plant  food  taken  from  the  soil,  follow: 

Analyses  of  California  English  Walnut  Ash  (Colby) 


Husk .  .  . 
Shell.. .  . 
Kernel .  . 


.^sh  * 

K2O 

Na20 

CaO 

MgO 

Ff^Ost 

M  n208 

P2O5 

SO3 

£i02 

% 

1.73 
0.  .52 
1.13 

% 

77.80 

28.28 

12.69 

% 

0.27 

0.82 

0.96 

% 

7.79 
44.88 
5.  .57 

% 

1.80 

5.29, 

16.60 

% 

0.62 

1.78 

3.23 

% 

0.12 

0.96 

0.35 

% 

2.46 

13.14 

57.83 

% 

2.66 

3.23 

1.31 

01 

/o 

1.28 

1.17 

0.75 

Cl 


% 

6.57 

0.41 

0.70 


*  In  part  ashed.  t  Includes  AI2O3. 

Minor  Mineral  Constituents.  Manganese. — Kernel  4.03,  shell  1.85  mg.  per  kilo, 

dry  l)a.sis  (Quartaroli).®  ,  „  « 

Copper.— Kernel  11.2  mg.  per  kilo  (Guerithault).'*  Kernel  10.65,  shell  2.85  mg. 

per  kilo,  dry  basis  (Quartaroli).  ® 

Zinc. _ Kernel  20  mg.  per  kilo,  fresh  basis  (Bertrand  and  Benzon).® 

JAPANESE  WALNUT 

Juglans  Sieboldiana  IVIaxim. 

American  nurserymen  now  catalog  this  tree.  Iho  nuts  resemble 

the  butternut  in  texture  and  flavor. 

1  Roezniki  Chem,  1924,  4,  63,  '  Compt.  rend.  1920,  IJlj 

.  6 13ul.  soc.  hyg.  aliment.  1928,  lb,  40/. 

^  JjOC.  Clt. 

3  Ann.  chim.  appl.  1928,  18,  47. 
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MACROSCOPIC  STRUCTURE  (Fig.  161).— The  nut  is  longer  and 
usually  smaller  and  thicker-shelled  than  the  English  walnut  and  is  two- 
celled  at  the  base. 

MICROSCOPIC  STRUCTURE.  Pericarp. — The  stone  cells  of  the 
endocarp  are  somewhat  larger  than  those  of  the  other  walnuts  but  like 
those  of  the  butternut  have  dark  contents. 

Seed. — See  Black  Walnut. 

CHEMICAL  COMPOSITION.— In  the  kernel  of  the  Japanese 
walnut  Matsumoto  and  Uyeda  ^  found  4.99  per  cent  of  water  and  59.58 
per  cent  of  oil  with  the  following  values:  specific  gravity  at  15°  C.  0.9332, 
refractive  index  at  25°  C.  (recalculated)  1.4782,  solidifying  point  below 
-16°  C.,  saponification  number  191.1,  iodine  number  (Hiibl)  150.8, 
Reichert-Meissl  number  0.62,  and  acid  number  0.68. 

BUTTERNUT 

Juglans  cinerea  L. 

Fr.  Noix  de  beurre.  Ger.  Butternuss. 

Trees  of  this  species,  also  known  as  the  white  walnut,  grow  native 
in  the  United  States  and  may  also  be  obtained  from  nurserymen.  The 
flavor  is  milder  than  that  of  the  black  walnut. 

MACROSCOPIC  STRUCTURE  (Fig.  162). — The  nut  is  elongated, 
exceedingly  rough  owing  to  long  rows  of  irregular  teeth,  and  two-celled 
at  the  base.  Because  of  the  thick,  hard  shell  it  is  difficult  to  crack. 

MICROSCOPIC  STRUCTURE.  Pericarp. — Stone  cells  with  very 
thick  walls  and  narrow  lumen  make  up  the  bulk  of  the  endocarp  or  shell. 
The  visible  contents  are  yellow-brown. 

Seed. — See  Black  Walnut. 

CHEMICAL  COMPOSITION. — Woods  and  Merrill  ^  found  in  a 
single  sample:  shell  86.4  and  kernel  13.6  per  cent.  In  the  kernel  of  the 
sample  they  found : 


Water 

Protein 

Fat 

N-f.  ext. 

Ash 

% 

4.5 

% 

27.9 

% 

61.2 

% 

3.4 

% 

3.0 

Oil.  Examination  of  ether-extracted  butternut  oil  by  Merrill  ^ 

M.  Chem.  Ind.  (Japan)  1922,  26,  1438. 

2  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 

3  Ibid.  1900,  Bui.  66. 
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showed:  specific  gravity  at  15.5°  C.  0.9309,  refractive  index  at  25°  C. 
1.4768,  and  iodine  number  129.1. 


BLACK  WALNUT 

Juglans  nigra  L. 

Fr.  Noyer  noir.  Sp.  Nuez  de  San  Juan.  Ger.  Schwarze  Walnuss. 
;rhis  American  nut  is  the  product  of  a  tree,  the  wood  of  which. 


known  as  black  or  American  walnut,  is  valuable  for  cabinet  work. 
Although  not  so  important  commercially  as  the  English  walnut,  the 
nut  has  a  pleasing  resinous  flavor  and  is  delicious  in  confectionery. 

MACROSCOPIC  STRUCTURE  (Fig.  163).— After  removal  of  the 
dark  outer  pericarp,  some  of  which  remains  i)etween  the  ridges  of  the 
endocarp,  the  nut  is  nearly  spherical.  It  is  four-celled  at  the  base.  The 
endocarp  is  thick,  with  rough,  longitudinal  ridges. 

MICROSCOPIC  STRUCTURE.  Pericarp.— All  the  stone  cells  of 
the  endocarp  have  thick  walls  and  are  in  close  contact  which  explains 
why  the  shell  is  harder  than  that  of  the  English  walnut.  They  have  no 

visible  contents. 

Spermoderm— Cross  sections  show  no  marked  elongation  ot  the 
cells  of  the  outer  epiderm,  thus  distinguishing  the  nut  from  the  Knghsh 


"  ''perisperm,  Endosperm,  and  Embryo— See  English  Walnut. 

Chief  Structural  Characters.— Nut  rough,  nearly  spherical, 
thick-shelled.  Endocarp  stone  cells  thick-walled,  in  close  contact. 
Spermoderm  with  cells  of  outer  epiderm  nearly  isodiametric  in  surface 

view  and  cross  section.  r 

CHEMICAL  COMPOSITION.— An  analysis  of  the  kernel  of  the 


Water 

Protein 

I’at 

N-f.  ext. 

Filler 

Ash 

% 

2.5 

% 

30.3 

% 

57.8 

% 

5.8 

% 

1.6 

% 

2.0 

M-Clenahan  ^  analyzed  the  kernel  at  difterent 


sugar,  or  tannin. 

1  California  Agr.  Exp.  Sta.  1896,  Bui.  113. 

2  J.  Am.  Chem.  Soc.  1909,  31,  1093. 
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Proteins.  Nitrogen  Distribution.— Van  Slyke’s  method,  applied 
directly  to  the  ground  kernels,  gave  in  the  hands  of  Nollau '  the  following 
distribution  in  percentages  of  the  total  nitrogen ; 


% 

Humin  N .  4.53 

Cystine  N .  1.27 

Arginine  N .  23.77 

Lysine  N . 3.49 

Histidine  N .  5.98 

Mono-amino  N .  45.01 

Non-amino  N .  3.12 

Amide  N .  10.71 


Total  N .  97.88 


Oil. — The  Physical  and  Chemical  Values  of  hot-  pressed  oil,  as  given 
by  Stone, ^  are;  specific  gravity  at  15.5°  C.  0.917,  solidifying  point  below 
-20°  C.,  saponification  number  269  to  290,  iodine  number  upward  of 
170,  and  volatile  acids  none. 


PECAN 

Carya  Pecan  E.  et  G.  =  Juglans  Pecan  Marsh  =  Hicoria  Pecan  Brit. 

Fr.  Noix  pecane.  It.  Pecana.  Ger.  Pekannuss. 

In  the  United  States  this  nut  is  of  greater  commercial  importance 
than  any  other  native  nut.  It  is  produced  in  large  quantities  in  Texas 
and  the  lower  Mississippi  Valley.  The  pecan  and  the  English  walnut 
are  the  only  nuts  of  the  family  commonly  present  in  mixed  nuts  sold  in 
the  United  States. 

MACROSCOPIC  STRUCTURE  (Fig.  164). — Two  physical  charac¬ 
ters  contribute  to  make  this  nut  popular — the  thin  shell  and  the  excel¬ 
lent  flavor  of  the  meat.  The  nut  is  elongated,  nearly  round  in  cross 
section,  smooth,  and  four-celled  at  the  base.  The  red  color  and  gloss  of 
commercial  nuts  are  due  to  dyeing  and  polishing. 

MICROSCOPIC  STRUCTURE.  Pericarp. — Small  stone  cells  with 
brown  contents  and  a  loose  brown  parenchyma  make  up  the  endocarp 
or  shell. 

Spermoderm  (Fig.  168,  S;  Fig.  169).-Four  layers  are  well  differ¬ 
entiated:  (1)  outer  eptderm  (aep)  of  tangentially  elongated,  straight- 
walled  cells,  in  cross  section  usually  broader  than  high,  and  stomata,  (2) 

LJ.  Biol.  Chem.  1915,  21,  611. 

"  Agr.  Sci.  1894,  8,  353. 
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subepideririf  similar  to  the  outer  epiderm,  (3)  parenchyma  (p)  with  vas¬ 
cular  bundles  (/y),  and  (4)  characterless  inner  epiderm. 

Young  1  notes  the  tangential  elongation  of  the  outer  epiderm  cells 
of  this  and  the  hickory  nut. 

Commonly  the  opening  of  the  stomata  is  broader  than  the  guard 
cells,  and  the  latter  are  brown,  not  white  as  in  hickory  nut.  Often  one 
of  the  guard  cells  is  abortive. 

Perisperm  and  Cotyledons  as  in  J'inglish  walnut  but  Endosperm  is 
thinner. 

Chief  Structural  Characters. — Nut  elongated,  circular  in  cross 
section,  thin-shelled. 

Endocarp  stone  cells  small  with  brown  contents.  Outer  epiderm 
of  spermoderm  with  tangentially  elongated,  straight- walled  cells. 


Fig.  168.  Fig.  169. 


Fig.  168. — Pecan.  Seed  in  cross  section.  S  spermoderm:  aep  outer  epiderm, 
p  parenchyma  with  fv  vascular  bundle.  E  endosperm.  C  cotyledon.  X160. 
(K.B.W.) 

Fig.  169. — Pecan.  Outer  epiderm  of  spermoderm  in  surface  view  showing  two 
stomata,  the  lower  with  abortive  guard  cell.  X160.  (K.B.W.) 


broader  than  high,  and  brown  stomata,  often  with  one  guard  cell 


abortive. 

CHEMICAL  COMPOSITION.— Much  attention  has  been  given  to 
the  composition  of  the  pecan  nut  in  the  region  of  production,  notably  by 
Deiler  and  Fraps^  of  the  Texas  Experiment  Station  and  by  Friedeinann 
and  Dowell  and  MenauD  of  the  Oklahoma  Experiment  Station.  Analy¬ 
ses  by  Woods  and  Merrill  ^  and  by  Boone  ^  have  also  been  published. 


1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160,  15. 

2  Am.  Chem.  J.  43,  90. 

3.1.  Am.  Chem.  Soc.  1920,  42,  2286;  Proc.  Okla. 


Acad.  Sci.,  Univ.  Okla. 


1922,  N.S.  47,  p.  71. 

M.  Biol.  Chem.  1921,  46,  437. 

^  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 
6  Ind.  Eng.  Chem.  1924,  16,  54.  • 


Bui. 
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Composition  of  Pecan  Nut  Kernels 


Kernel  * 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

Deiler  and  Fraps.  . 

47.0 

70.4 

Woods  and  Merrill: 

Polished . 

46.8 

3.0 

11.0 

71.2 

13 

.3 

1.5 

Unpolished . 

53.7 

2.7 

9.6 

70.5 

15 

.3 

1.9 

Friedemaiin : 

-A 

- - 

Single  sample .  .  . 

. 

3.75 

12.27 

69.76 

10.81 

1.71 

1.70 

Aver.  14  samples. 

3.20 

11.0 

71.99 

10.04 

2.2 

1.57 

Boone . 

60.0 

75.0 

*  Per  cent  in  nut. 


Proteins.  Nitrogen  Distribution. — Nollau  ^  applied  Van  Slyke’s 
method  directly  to  the  ground  nut.  Dowell  and  Menaul,^  however, 
first  extracted  the  protein  of  the  kernel,  consisting  largely  of  globulin, 
with  dilute  alkali  and  precipitated  it  with  acetic  acid. 


Nitrogen  Distribution  in  Pecan 


Nollau 

Dowell  and  Menaul 

% 

% 

Humin  N . 

6.21 

5.58 

Cystine  N . 

2.87 

0.80 

Arginine  N . 

6.91 

23.39 

Lysine  N . 

3.25 

5.62 

Histidine  N . 

21.91 

3.96 

Mono-amino  N . 

42.28 

52.10 

Non-amino  N . 

7.89 

Amide  N . 

9.43 

.... 

Total  N . 

100.75 

91.45 

Oil.  Physical  and  Chemical  FaZwcs.— Merrill  3  found  in  pecan  o 
obtained  by  ether  extraction:  specific  gravity  at  15.5°  C.  0.9212  refrac 
tive  index  at  25°  C.  1.4690,  and  iodine  number  99  5  ^ 

extractd  oTtmT'  the  following  values  of  the  ethe. 

extracted  o  1  from  Texas  nuts:  specific  gravity  at  15°  C.  0  9184  sanonif 

cation  number  198,  iodine  number  (Hilbl)  106,  Reichert-Meiss’l  numbe 


^  J.  Biol.  Chem.  1915,  21,  611. 
^  Loc.  cit. 


®  Maine  Agr.  Exp.  Sta.  1900,  Bui.  64. 
*  Loc.  cit. 
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2.2,  Hehner  number  93.4,  acetyl  number  1.16,  saturated  acids  none, 
lecithin  0.5  per  cent,  and  cholesterol  0.28  per  cent. 

Boone,^  also  working  on  the  ether  extract,  records  the  following  values 


of  the  oil  from  the  Schley  variety  grown  in  Georgia:  specific  gravity 
20°/20°  0.9118;  refractive  index  at  25°  1.4682;  saponification  number 

191.5;  iodine  number  (Hiibl)  97.1;  acid  number  0.80;  total  fatty  acids. 


neutralizing  value  196.7,  iodine  number  100.6;  saturated  acids  3.8  per 
cent;  unsaturated  acids,  specific  gravity  20°/20°  C.  0.8962,  neutralizing 
value  197.1,  iodine  numlx'r  105.4. 

Composition. — Calculations  of  the  percentages  of  the  glycerides  in 
pecan  oil  by  the  above-named  authors,  also  by  Jamieson  and  Gertler,^ 
follow : 

Deiler  and 

F  raps 

Boone 

Jamieson  and 
Gertler 

Glycerides  of : 

ArfipKulin  . 

% 

% 

% 

0.1 

St.P5^rlp  RpifJ  . 

. \ 

j  1.9 

Pulmitip  Rpirl  .  .  .  . 

. / 

4 

1  3.3 

\f\rT*iafiP  «Piri  . 

trace 

Olpir*  npifi  . 

76 

80 

77.8 

T  .inniif*  ni’ifl  . 

24 

16 

15.8 

0.35 

100 

100 

99.25 

Carbohydrates.  —  Friedemann,^  in  the  dry  matter  of  the  single 
sample,  whose  proximate  analysis  appears  in  the  table  above,  deter¬ 
mined  the  individual  carbohydrates  as  shown  below: 


Sucrose . 

Invert  sugars . 

Araban . 

Methylpentosjins . 

Fiber . 

Amyloid . 

Tannins . 

Hemicellulose  (dextran),  etc... . 


% 

1.18 

2.88 

1.95 

0.22 

1.76 

0.59 

0.33 

4.09 


13.00 


1  Ix)C.  cit. 

2  Oil  and  Fat  Ind.  1929,  6,  No.  10,  23. 

3  Loc.  cit. 
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The  total  percentage  of  carbohydrates  (13.00  per  cent)  on  the  dry  basis 
corresponds  to  the  sum  of  the  percentages  of  nitrogen-free  extract  and 
fiber  (10.81  +  1.71  =  12.52)  on  the  air-dry  basis. 


HICKORY  NUT 


Carya  ovata  Koch  =  C.  alba  Nutt.  =  Hicoria  ovata  Brit. 


The  nut  of  the  shag-bark  hickory  is  the  best  hickory  nut  of  the  north¬ 
ern  United  States.  Other  species  yield  nuts  with  smaller  meats  or  of 
inferior  flavor. 

MACROSCOPIC  STRUCTURE  (Fig.  165).— The  nut  is  flattened, 
about  as  broad  as  long,  smooth,  and  has  several  ridges.  Although  the 
shell  is  thick  it  is  easily  cracked. 

MICROSCOPIC  STRUCTURE.  Pericarp. — The  endocarp  stone 
cells  and  inner  parenchyma  are  nearly  colorless  whereas  in  the  pecan 
they  are  deep  brown. 

Spermoderm. — Young  ^  notes  that  the  cells  of  the  outer  epidenn,  in 
addition  to  being  tangentially  elongated,  are  beaded.  Another  striking 
character  is  the  tendency  of  the  walls  to  be  wavy,  which  does  not  occur 
in  the  other  members  of  the  family  studied.  In  cross  section,  as  in 
the  pecan,  they  are  broader  than  high.  The  stomata  are  white  with 
opening  usually  less  than  diameter  of  the  guard  cell,  whereas  in  pecan 
they  are  brown  with  opening  broader  than  guard  cell. 

Chief  Structural  Characters. — Nut  short,  flattened,  smooth, 
'ridged.  Shell  thick. 

Endocarp  stone  cells  colorless.  Cells  of  the  outer  epiderm  of  the 

spermoderm  tangentially  elongated,  wavy-walled,  beaded,  broader 
than  high. 

CHEMICAL  COMPOSITION.  Analyses  of  the  native  hickory 
nut  have  been  made  by  Woods  and  Merrill,  2  Peterson  and  Bailey,  ^ 


Composition  of  Hickory  Nut  Kernels 


Woods  and  Merrill. . . 

Iowa  Station . 

Peterson  and  Bailey. 


Kernel 
in  nut 

Water 

Protein 

Fat 

N-f .  ext. 

Fiber 

Fat 

% 

% 

% 

% 

% 

% 

% 

37.8 

3.7 

15.4 

67.4 

11 

.4 

2  1 

30.0 

3.97 

20.5 

64.6 

6.4 

2.3 

2  2 

37.2 

3.45 

13.2 

70.2 

9.42 

2.0 

1.73 

2  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 
M.  Ind.  Eng.  Chem.  1913,  6,  739. 
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and  at  the  Iowa  Agricultural  Experiment  Station^  The  species  that 
yielded  the  nuts  analyzed  by  Peterson  and  Hailey  was  known  to  be 
C.  ovata,  the  shag-bark  hickory,  and  presumably  the  same  species  yielded 
the  other  samples  as  the  nuts  of  other  species  are  seldom  collected. 

Proteins.  Nitrogen  Distribution  in  Shag-bark  Hickory. — Nollau,^ 
applying  Van  Slyke’s  method  directly  to  the  ground  kernels,  found: 


% 

Humin  N .  6.59 

Cystine  N .  1.58 

Arginine  N .  24.24 

Lysine  N .  3.37 

Histidine  N .  6.66 

Mono-amino  N .  43.25 

Non-amino  N .  7.48 

Amide  N .  9.47 


Total  N .  102.64 


Oil. — Physical  and  Chemical  Values  obtained  on  the  expressed  oil 
of  the  shag-bark  hickory,  C.  ovata,  and  pignut  or  swamp  hickory,  C. 
amara,  by  Merrill  ^  and  Peterson  and  Bailey  **  follow: 


Values  of  Hickory  Nut  Oil 


• 

Sp.  gr. 
15.5°  C. 

R,efr. 
index 
25°  C. 

Saponifi¬ 

cation 

No. 

Iodine 
•  No. 

Reichert- 

Meissl 

No. 

Hehner 

No. 

Cary  a  ovata: 

. 

0.9219 

1.4678 

102.8 

Peterson  and  Bailey .  .  . 
Cary  a  amara: 

0.9180 

1.4681 

189.6 

106.8 

0.47 

95.7 

Peterson  and  Bailey.  .  . 

. 

1.4681 

190.0 

105.2 

0.48 

95.6 

Peterson  and  Bailey  note  that  the  oil  resembles  closely  cottonseed  oil. 
It  is  remarkable  that  this  oil,  as  well  as  pecan  nut  oil,  has  an  iodine  num¬ 
ber  so  much  lower  than  that  of  English  walnut  oil. 


1  Proc.  Iowa  Acad.  Sci.  10,  108. 

2  J.  Biol.  Chem.  1915,  21,  611. 

3  Maine  Agr.  Exp.  Sta.  1900,  Bui.  65. 
*  Loc.  cit. 


NUTS  OF  THE  BIRCH  FAMILY 


{Betulacese) 

Shrubby  species  of  Corylus  produce  edible  nuts  variously  known  as 
hazelnuts,  filberts,  and  cob  nuts. 

The  black  birch  secretes  in  its  bark  an  essential  oil,  containing  the 
same  principle  (methyl  salicylate)  as  the  wintergreen  berry,  which  is 
described  in  Volume  III. 

FILBERT 

Corylus  spp. 

Fr.  Noisette.  Sp.  Avellana.  It.  Nocciuola.  Ger.  Haselnuss. 

As  grown  in  England,  filberts  are  oblong  and  cob  nuts  are  isodia- 
metric,  all  being  produced  by  cultivated  species  of  Corylus  (notably  C. 
Avellana  L.,  C.  pontica  Koch,  and  C.  maxima  Mill.)  or  their  hybrids. 
Native  American  species  (C.  rostrata  Ait.,  C.  americana  Walt,  and  C. 
californica  Rose)  are  commonly  known  as  hazelnuts,  a  term  also  applied 
to  the  whole  genus. 

MACROSCOPIC  STRUCTURE. — Characteristic  of  the  group  are  the 
bracts  of  the  pistillate  flowers  which  develop  on  ripening  of  the  nut  into 
a  husk,  in  some  species  about  the  length  of  the  nut  or  shorter  ending  as  a 
fringe,  in  others  extended  well  beyond  the  nut  as  a  beak.  The  body  of 
the  nut  is  light  brown,  smooth,  striate  below,  dull  gray  owing  to  a  thin 
felt  of  hairs  at  the  apex.  As  on  the  acorn  and  chestnut,  there  is  a  scar 
at  the  base  of  the  nut. 

The  shell,  about  1  mm.  thick,  consists  of  pericarp  with  meridional 
vascular  bundles  beneath  the  surface.  Adhering  to  the  bulky  white 

cotyledons  is  a  brown  skin  consisting  of  spermoderm  with  the  raphe  and 
its  branches. 

MICROSCOPIC  STRUCTURE. — Early  authors  studied  chiefly  the 
pericarp  which  was  a  common  adulterant  in  Europe.  Winton,i  also 
Young, 2  have  worked  on  the  seed.  ’ 

Pericarp  (Fig.  170,  F). — Unlike  that  of  nuts  of  the  walnut  group  the 
shell  consists  of  the  entire  pericarp  with  layers  as  follows:  (1)  epicarp 

^  Mic.  Veg.  Foods.  New  York,  2nd  Ed.,  1916,  p.  311. 

2  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160,  26. 
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(cpO  of  thin-walled,  isodiametric  cells  with  dark  contents,  also  thick- 
walled,  sinuous  hairs  up  to  500  /x  in  length,  (2)  outer  stone  cell  layer  (st^) 
of  small,  rounded,  loosely  arranged  individuals  and  vascular  bundles, 
(3)  middle  stone  cell  layer  {st-)  of  large,  radially  elongated,  closely 
arranged  individuals,  (4)  inner  stone  cell  layer  {st^)  of  large,  isodiametric 

to  tangentially  elongated  individuals,  and  (5) 
brown  'parenchyma  (6r)  more  or  less  disorganized. 

The  hairs  and  epicarp  cells  with  very  thick 
wrinkled  cuticle  and  dark  contents  are  character¬ 
istic. 

All  the  stone  cells  also  have  dark  contents, 
those  in  the  innermost  layer  being  of  irregular, 
indistinct  outline,  as  noted  by  Hanausek.^ 

Spermoderm  (Fig.  170,  >S). — Of  the  three 
layers  the  outer  epiderm  (aep)  and  the  subepiderm 
(hy)  consist  of  polygonal  cells  with  intercellular 
spaces,  while  the  third  layer  is  of  compressed 
parenchyma  (p)  through  which  run  the  raphe 
bundles  (fv). 

Young  first  called  attention  to  the  presence 
S  of  intercellular  spaces  which  is  unusual  in  epi¬ 
dermal  tissues. 

^  Endosperm  (Fig.  170,  E). — The  one  to  three 
cell  layers,  closely  united  with  the  spermoderm, 
^  contain  small  aleurone  grains. 

Cotyledon  (Fig.  170,  C).— Hanausek  first 

Fio.  170. — Filbert.  Nut  in  ^  i 

croes  section.  F  pericarp:  notcd  the  CUHOUS  elongated  oleurone  grains  {al), 

epi  epicarp,  t  hairs,  3/>,  ai^,  at^  eacli  Cell,  ranging  up  to  30  fx  in  diam- 

Thyma'^'^J  sperm^derm^^Tp  eter.  These  are  irregular  in  outline  and  each 
outer  epiderm,  hy  subepiderm,  ^Qj^tains  a  Crystal  roscttc,  brought  out  by  polar- 

ized  Hght,  and  a  number  of  globoids  which 
cotyledon:  al  aleurone  grains.  jjLerated  on  mounting  in  watcr.  Hanausek 

XIM).  (K.n.w.)  further  states  that  small  starch  grains  (1  to  3  m) 

are  also  liberated  in  water,  but  the  bodies  to  which  he  refers  stain 

brown  with  iodine.  i  •  jjo 

Chief  Structural  Characters.— Nut  elongated  or  nearly  iso 

metric,  smooth,  light  brown  with  scar  at  base  and  felt  of  hairs  at  apex. 

Shell  hard  with  bundles.  Spermoderm  and  endosperm  thin.  y 

of  epicarp  cells  with  dark  contents  and 
stone  cells  of  various  types  with  dark  contents,  and  compressed  paren 

1  Nfihr.-u.  Genussm.  Kassel,  1884,  p.  149. 
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chyma.  SpGrmodGrni  of  thin-wallGci  cgIIs  with  intGrcellular  spaces  in 
outer  epiderm  and  subepiderm.  Endosperm  with  small  aleurone 
grains.  Cotyledons  with  large  aleurone  grains  (30  fi)  containing 
;  crystal  rosette  and  globoids. 

CHEMICAL  COMPOSITION.— The  average  of  the  proximate 
analyses  of  the  kernels  (meats)  given  by  Konig/  and  a  single  analysis, 

.  by  Woods  and  Merrill, ^  of  a  sample  containing  52.1  per  cent  of  shells, 

:  follow : 


Composition  of  Filbert  Kernels 


V/ater 

Protein 

Fat 

N-^f.  ext.* 

Ash 

% 

% 

% 

% 

% 

Konig . 

7.1 

17.4 

62.6 

10.4 

2.5 

W.  and  M . 

3.7 

15.6 

65.3 

13.0 

2.4 

*  Includes  fiber. 


Proteins. — The  globulin  of  the  hazelnut  (C.  tubulosa)  was  first 
isolated  by  Dumas  and  Cahours.^  Osborne  and  Campbell  ^  named  it 
corylin  and  at  first  considered  it  to  be  identical  with  the  globulin  of  the 
English  walnut  but  later  found  that  on  decomposition  it  yielded  more 
ammonia. 

Ultimate  Composition. — Corylin,  according  to  Osborne  and  Camp¬ 
bell,"*  contains  as  follov/s: 


% 

Carbon .  50.72 

Hydrogen .  e.ge 

Nitrogen .  19.17 

Sulphur . 0.83 

Oxygen .  22.42 


100.00 


is  -43  09°''*'*^''  Rotation  of  corylin,  as  found  by  Osborne  and  Harris, ^ 

Amino  Acids  of  Corylin.-In  “  filbert  globulin  ”  Jones,  Gersdorff 
and  Moeller  report:  cystine  1.50  and  tryptophane  2.86  per  cent. 


^  Chem.  mensch.  Nahr.-Genussm.  1903,  1,  611. 
2  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 

M.  prakt.  Chem.  1843,  28,  398. 

*  Connecticut  Agr.  Exp.  Sta.  Rep.  1895,  p.  288. 

“J.  Am.  Chem.  Soc.  1903,  25,  842. 

®  J.  Biol.  Chem.  1924,  62,  183. 
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Xitrogcn  Distribution  in  Corylin. — Figures  by  Osborne  and  Harris^  on 
the  nitrogen  distribution  in  groups  are  here  given  as  follows:  basic 
nitrogen  5.75,  non-basic  nitrogen  10.70,  nitrogen  in  magnesium  oxide 
precipitate  0.16,  and  ammonia  nitrogen  2.20;  total  nitrogen  19.00  per 
cent. 

Oil. — Hazelnut  oil  resembles  closely  almond  oil  although  the  plant 
belongs  to  a  different  family.  It  furnishes  a  palatable  substitute  for 
olive  oil. 

The  Physical  and  Chemical  Values,  as  summarized  below,  are  based 
on  the  results  of  De  Negri  and  Fal)ris,^  Hanus,  ^  Knorr,"*  Pritzker  and 
Jungkunz,^  Salvatore,^  and  Merrill." 


Value.s  of  Hazelnut  Oil 


8p.  gr. 
15.5®  C. 

Refractive 

index 

25®  C. 

Maumen6 

No. 

Saponifica¬ 

tion 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

®C. 

Min . 

0.914 

1 .4005 

35 

187 

82 

15 

Max . 

0.917 

1.4080 

37 

198 

91 

20 

— 

Composition— Uamis  ^  calculated  the  constituent  acids  and  phyto¬ 
sterol  with  the  following  results: 

% 

Stearic  acid .  t 

Palmitic  acid .  9 

Oleic  acid . 

Phytosterol . 

95.5 


He  found  no  acids  of  lesser  saturation  than  oleic,  thus  disagreeing 
with  Schiidler,*  who  states  that  a  very  small  amount  of  arachidic  acid 
is  present.  Pritzker  and  Jiingkunz  also  were  unable  to  detect  arachidic 

acid. 


1  J.  Am.  Chem.  Soc.  1903,  26,  323. 

2  Ann.  lab.  chim.  Gabellc. 

3Z,  Enters.  Nahr.-Genussm.  1899,  2,  017. 

<  Seifensieder  Ztg.  1912,  39,  523. 

6Z.  Enters.  Nahr.-Genussm.  1921,  42,  232. 
« Staz.  sper.  agr.  ital.  1922,  66,  34. 

V  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 

8  Tech.  Fette  u.  Oele,  1883,  p.  477. 
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Hazlenut  Shells. — KryZ  ^  gives  a  series  of  color  reactions  of  the 
coloring  matter  extracted  by  hot  water  from  both  peanut  and  hazelnut 
shells. 

Minor  Mineral  Constituents.  Iron. — Peeled  41  mg.  per  kilo,  fresh  basis  (Haiiser- 
mann  quoted  by  Sherman). ^ 

Copper. — Kernel  12  mg,  per  kilo,  air-dry  basis  (Guerithault).^ 

Zinc. — Kernel  10,  shells  2.9  mg.  per  kilo,  air-dry  basis  (Bertrand  and  Benzon).'* 

^  Oesterr.  Chem.  Ztg.  1922,  26,  95. 

2  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 

^  Compt.  rend.  1920,  171,  196. 

*  Bui.  soc,  hyg.  aliment.  1928,  16,  457. 


NUTS  OF  THE  BEECH  FAMILY 


[Fagacex) 

Nuts  of  this  family  are  partly  starchy,  such  as  the  chestnut  and 
acorn  (which  see),  and  partly  oily,  such  as  the  beechnut  described 
herewith. 


BEECHNUT 


Fagus  spp. 

Fr.  Faine.  It.  Faggiuola.  Ger.  Bucheichel. 

On  the  Continent  carefully  tended  forests  of  beech  trees  {F.  silvatica 
L.)  produce  not  only  timber  and  firewood  but  also  nuts  for  oil  and  feed. 
In  North  America  another  species,  F.  americana  Sweet  (F .  ferrugrnea 
Ait.),  is  common,  but  the  nuts  are  seldom  gathered. 

MACROSCOPIC  STRUCTURE.— A  prickly  involucre,  correspond¬ 
ing  to  the  bur  of  the  chestnut  and  the  cup  of  the  acorn,  on  splitting 
liberates  two  brown  triangular  nuts,  each  containing  a  single  seed  devel¬ 
oped  from  one  of  the  three  ovules.  The  raphe  runs  through  one  of  the 
angles,  the  main  branches  through  the  other  two.  The  cotyledons  are 

much  folded. 

MICROSCOPIC  STRUCTURE.— Haniiusck  '  and  Pfister  ^  early 
studied  this  nut. 

None  of  the  tissues  is  characteristic.  Brown  coloring  matter  imprep 
nates  most  of  the  softer  tissues.  .4s  is  true  of  other  nuts  of  the  family 
the  Pericarp  has  a  hairy  epicarp  and  a  dense  stone  cell  zone  and  the 
Spermoderm  is  of  thin-walled  elements.  Most  of  the  hairs  are  short 

and  thick-walled.  .  .  ,  i  ^ 

The  endocarp  and  spermoderm,  which  are  hairy  in  the  c  les  nii  a 

acorns,  are  smooth  in  the  beechnut. 

Crystal  fibers,  with  single  crystals,  as  well  as  bast  fibers  accompany 

the  pericarp  bundles. 

The  Endosperm  is  of  one  cell  layer. 

1  Real  Ency.  ges.  Pharm.  1  Auf.  7,  407. 

2  Landw.  Vers.-  Stat.  1894,  43,  445. 
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The  Embryo  contains  aleurone  grains  up  to  15  /x  and  each  cell  a 
crystal  rosette. 

CHEMICAL  COMPOSITION. — Analyses  of  the  European  beech¬ 
nut  {F.  sylvatica)  have  been  reported  by  Konig  ^  and  of  the  American 
beechnut  {F.  americana)  by  Woods  and  Merrill,  ^  Judging  from  these 
analyses  the  American  nut  has  a  smaller  percentage  of  kernel  but  a 
higher  percentage  of  fat  in  the  kernel. 


Composition  of  Beechnuts 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

European  beechnut: 

Konig 

Kernel  (66.8%) . 

9.09 

21.67 

42.49 

19.17 

3.72 

3.86 

Shell  (33.2%) . 

15.25 

3.39 

1.53 

35.04 

42.08 

2.71 

Whole  nut . 

11.13 

15.59 

28.89 

24.46 

16.45 

3.48 

American  beechnut: 

Woods  and  Merrill 

Kernel  (59.2%) . 

4.0 

21.9 

57.4 

13 

2 

3.5 

Whole  nut . 

2.3 

13.0 

34.0 

7.8 

2.1 

Beechnut  Cake  is  a  distinctly  European  product,  as  the  American  nut 
is  not  gathered  on  a  commerical  scale.  The  nut  is  pressed  either  whole 
or  after  shelling,  and  the  cake  is  utilized  as  a  cattle  food.  * 

Analyses  reported  by  Wolff  ^  and  by  Kling  ^  follow: 


Composition  of  European  Beechnut  Cake 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Shelled  (Wolff) . 

% 

12.5 

16.1 

16.3 

% 

37.1 

ISO 

% 

7.5 

8.3 

% 

% 

% 

Unshelled  (Wolffl 

29.8 

5.5 

7.7 

Unshelled  (Klingl 

io  .  Z 

18.5 

28.3 

23.9 

5.2 

4 . 4 

28.9 

19.7 

11 .2 

food°f„d  to  nStinr^Tr"  “d  is  used  fc 

g  ting.  It  IS  said  not  to  easily  turn  rancid. 

Landw.  Z.  Westf.  Lippe  1889  46 

1,  612.  ^  mensch.  Nahr.-Genussm.  190; 

*  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 

-  Landw.  Futterungslehre.  Berlin,  1885,  p.  224 
Landw.  Bayern  1916,  6,  11,  483. 
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Values  of  Beechnut  Oil 


1 

Sp.  gr. 
15.5°  C. 

Maumen6 

No. 

Saponifica¬ 
tion  No. 

Iodine 

No. 

Hehner 

No. 

Fatty  acids, 
titer 

Min . 

0.920 

63 

191 

104 

95.1 

°C. 

Max . 

0.923 

65 

197 

121 

95.96 

17 

In  the  oil  of  American  beechnut  (F.  americana),  obtained  by  ether 
extraction,  Merrill^  found:  specific  gravity  at  15.5°  C.  0.9178,  refractive 
index  at  25°  C.  1.4697,  and  iodine  number  97.3. 

lleiduschka  and  Roser  ^  report  figures  within  the  above  limits,  also 
the  following  single  determinations:  refractive  index  at  25°  C.  1.4726, 
Reichert- IMeissl  number  below  0.1,  Polenske  number  below  0.1,  and 
acetyl  number  4.19. 

Composition. — According  to  Heiduschka  and  Roser  ^  beechnut  oil 
contains  fatty  acids  (not  glycerides)  and  unsaponifiable  matter  as  follows: 


% 

Stearic  acid .  3.45 

Palmitic  acid .  4.88 

Oleic  acid .  76.69 


a-Linolic  acid . 

a-Linolenic  acid . 

Unsaponifiable  matter 


95.42 


Cholin. — Beechnut  cake  has  been  stated  to  be  injurious  to  horses 
but  not  to  hogs  and  ruminants.  No  evidence  is  available  that  the  nut 

is  injurious  to  human  beings.  ,  w  ^ 

A  toxic  substance,  Jagin,  was  described  by  Herberger,  but  late^ 

Brandi  and  Rakowiecki  <  found  only  trimethylamine.  Bohm  isolate 
cholin  and  showed  that  fagin  is  identical  with  it.  Trimethylamine  may 

be  split  off  from  choline.^ 


1  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 
*  J.  prakt.  Chem.  1922,  104,  137. 


3Jahrb.  Berz.  1833,  12,  273. 

<Abs.  Chem.  Centrbl.  1865,  p.  143. 

‘Arch.  exp.  Path.  Pharm.  19,  87;  Abs.  Chem.  Centralbl.  1885,  p.  25  . 
«See  Pfister:  Landw.  Vers.-Stat.  1894,  43,  445. 


SEEDS  OF  THE  MULBERRY  FAMH-Y 


Cannabis  saliva  L. 


Fr.  Chanvre.  Sp.  Canamo.  It.  Canapa.  Ger.  Hanf. 


Hemp  ranks  next  to  cotton  and  flax  as  a  textile  plant  and  like  these 
yields  a  seed  useful  for  oil  production  and  feeding.  The  plant  appears 
to  have  originated  in  central  Asia,  where  it  still  grows  wild.  At  a  very 
early  period  it  was  grown  in  the  principal  Asiatic  countries  whence, 
centuries  before  the  Christian  era,  it  was  carried  to  central  Europe. 
At  present  it  is  cultivated  in  China,  Japan,  India,  throughout  central 
and  southern  Europe,  particularly  Russia,  northern  Africa,  and  parts 
of  North  and  South  America. 

As  is  true  of  flax  the  plant  yields  the  best  fibers  before  the  seed  reaches 
maturity,  but  with  so  coarse  a  textile  this  point  is  not  vital,  and  in  cer¬ 
tain  countries,  notably  Russia,  quality  is  sacrificed  in  order  to  secure 
the  double  crop. 

The  variety  known  as  Indian  hemp  (var.  indica)  is  extensively  grown 
as  a  medicinal  plant.  Hashish,  to  the  use  of  which  many  millions  of 
Asiatics  are  addicted,  is  prepared  from  this  herb. 


bulky  with  radicle  {R)  bent  so 


0.2  mm.  thick;  the  greenish  spermo- 
endosperm  (E),  is  thin;  the  embryo  is 


as  to  he  beside  the  cotyledons  (C) 
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MICROSCOPIC  STRUCTURE. — The  earlier  treatises  on  the  his¬ 
tology  of  foods,  feeds,  drugs,  and  seeds  describe  hemp  seed  incompletely 


II 


III 


Fig.  171. — Hemp.  I  calyx.  II  outer  surface  of  fruit.  Ill  longitudinal  section 
of  fruit.  F  jiericarp;  spermoderm;  F  endosperm;  C  cotyledon;  /?  radicle.  X4." 
(A.L.W.) 


and  inaccurately.  Winton  ^  carried  out  a  study  of  calyx,  pericarp,  and 
seed  with  the  view  of  correcting  these  defects. 

Calyx. — Fig.  172  and  the  following  description  agree  in  essential 

details  with  Tschirch  and 
( )sterle’s  results  obtained 
with  Indian  hemp.  The 
t  issues  are :  ( 1 )  outer  epiderm 
(aep)  of  polygonal  cells  with 
unicellular  cystolith  hairs 
(h)  and  glands  both  stalked 
(d)  and  sessile,  (2)  mesophyl 
of  small  cells  forming  a 
ground  tissue  through  w  hich 
ramify  bundles,  and  an  inner 
layer  of  small  (10  g)  crystal 
cells  (mes),  and  (3)  inner 
epiderm  (iep)  of  wavy-walled 
cells,  stomata,  and  thin- 
w’alled  hairs. 

The  cystolith  hairs  are 

Fio.  172.-Hemp.  Calyx  in  surface  view,  ocp  outer  .  characteristic.  Kach 

epiderm  with  d  ghindular  hair  and  h  hair  containing  cy  J  ^ 

cystolith;  mea  mesophyl  with  crystals;  iep  inner  epi-  COIltainS  in  itS  baSC  a  CyStO- 
derm.  «xi60.  (A.L.w.)  calcium  carbonatc, 

75  n  in  diameter.  The  hairs  often  reach  500  g  and  sometimes  1  mm^  in 
length.  Although  the  lumen  is  broad,  the  walls  are  thick,  reaching  1  M- 

*  Z.  Enters.  Nahr.-Genusim.  1904,  7,  385;  Connecticut  Agr.  Exp.  Sta.  ReP 
1903,  p.  175. 
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Equally  striking  are  the  glands  with  at  least  eight  cells  on  the  under 
side  radiating  usually  from  two  central  cells,  the  secretion  being  in  the 
cavity  between  these  cells  and  the  outer  cuticle.  When  stalked  they  are 
often  300  M*long,  the  stalk  being  multicellular. 

Pericarp  (Fig.  173,  F]  Figs.  174  and  175). — Five  layers  are  present: 
(1)  epicarp  (ep)  of  wavy-walled  sclerenchyma  cells,  (2)  hypoderm  ihy) 
of  spongy  parenchyma  in  one  or  more  cell  layers,  with  anastomosing 
bundles  seen  as  veins  through  the  epicarp,  (3)  brown  cells  (hr)  with  zigzag 
walls,  (4)  dwarf  cells  (w),  seldom  over  12  n  in  diameter,  with  pitted  walls, 
and  (5)  palisade  cells  (pal,  pal,^ 
paP)  with  remarkable  thickened 
and  wavy  walls.  hy.„j 

The  dwarf  cells  being  exiraor-  "br- 
dinarily  minute,  it  is  not  re¬ 
markable  that  they  long  escaped 
notice. 

Reference  to  the  cuts  show’s 
the  structure  of  the  palisade 
cells.  Both  the  radial  and  the 
tangential  walls  are  thickened 
and  wavy,  the  thickening  be¬ 
ing  greatest  in  the  outer  por¬ 
tions. 

Spermoderm  (Fig.  173,  S] 

Fig.  175).  —  Throughout,  the 
tissues  are  of  spongy  parenchyma 
but  of  two  different  forms:  (1) 
outer  layer  (sch)  with  cells  and 
intercellular  spaces  in  longitud¬ 
inal  rows  and  (2)  inner  layer 
(s)  with  cells  and  intercellular 
spaces  irregularly  arranged. 

Both  forms  contain  green  or  brown  granules  insoluble  in  alcohol  ether 
and  sodium  hydroxide.  ’  ’ 

Perispem  (Figs.  173  and  175,  iV).-This  consists  of  a  single  layer  of 
ongitudmally  elongated  cells,  indistinctly  seen  in  cross  section  It 

alsIllCer  “Sr™’  -responding  layers  of  wheat 

BingSceifr  £).-Aleurone  cells,  mostly  a 

ingle  cell  thick,  cover  the  embryo.  The  endosperm  also  extends 

ween  the  cotyledons  and  the  radical  where  it  is  several  celt 


Fig.  173.  Hemp.  Fruit  in  cross  section.  F 
pericarp:  ep  epicarp,  hy  hypoderm  with  fibro- 
vascular  bundle,  hr  brown  cells,  w  dwarf  cells, 
pal  palisade  cells.  S  spermoderm:  sch  outer  and  s 
inner  spongy  parenchyma.  N  perisperm.  E  endo¬ 
sperm.  C  cotyledon:  aep  outer  and  iep  inner  epi- 
derm,  al  aleurone  grains.  X  160.  (A.L.W.) 
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Embryo  (Fig.  173).— Each  cotyledon  (C)  has  palisade  cells,  two  thick, 
on  the  inner  side,  and  isodiainetric  cells,  several  thick,  on  the  outer  side! 
Both  contain  aleurone  grains  {al)  up  to  8  ^  with  a  crystalloid  and  a 


Fig.  174. — Hemp.  Pericarp  in  surface  view  seen  from  without,  ep  epicarp; 
hy  hyjxiderm  with  sp  spiral  vessels;  br  brown  cells;  w  dwarf  cells;  pal^  palisade  cells. 
XIOO.  (A.L.W.) 


globoid  excrescence.  In  the  epiderms  (aep,  iep),  the  aleurone  grains 
are  smaller. 

Chief  Structural  Characters. — Seed  ovate,  flattened,  ribbed 


Fig.  175.— Hemp.  Inner  coats  of  seed  seen  from  within.  Spermoderm: 
paP  palisade  cells,  sch  outer  and  inner  spongy  parenchyma.  N  perisperm. 
endosperm.  XlbO.  (A.L.W.) 


on  narrow  sides,  brown,  with  white  veins,  some  enclosed  in  hooded, 
hairy  calyx.  Pericarp  hard,  0.2  mm.  thick.  Spermoderm  and  endo- 
sperm  thin.  Embryo  bulky,  bent. 
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Epicarp  of  wavy- walled  cells;  hypoderm  with  anastomosing  bundles; 
brown  cells  with  zigzag  walls;  dwarf  cells  minute,  pitted;  palisade 
cells  with  thick,  convoluted  walls;  Spermoderm  of  spongy  parenchyma 
containing  green  or  brown  granules.  Endosperm  of  one  cell  layer  and 
embryo  rich  in  aleurone  grains  (8  fx)  and  fat. 

MICROSCOPY  OF  HEMP  SEED  PRODUCTS.— Tangential  and 
cross  sections  of  fragments  of  the  shells  or  whole  pieces  from  cake  or 
meal  aid  in  identification.  Treatment  with  a  fat  solvent  and  bleaching 
with  Labarraque’s  solution  or  by  chlorine,  as  recommended  by 
Hebebrand,  bring  out  details  of  structure. 

CHEMICAL  COMPOSITION. — Since,  in  the  United  States,  hemp 
seed  oil  and  hemp  seed  cake  do  not  enter  into  commerce  and  hemp  seed 
is  used  only  as  bird  or  poultry  food,  no  American  analysis  of  hemp 
seed  or  its  products  has  come  to  the  writers’  attention. 

The  figures  in  the  following  summary  are  due  to  C.  Bohmer.^ 


Composition  of  Hemp  Seed  (C.  Bohmer) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

6.47 

12.20 

^8.75 

% 

15.00 

22.25 

21.61 

% 

29.08 

33.60 

30  41 

% 

13.05 

23.60 

16.89 

% 

12.10 

24.03 

18.84 

% 

3.45 

6.37 

4.60 

Max . 

Aver . 

Frankfurt^  has  made  a  somewhat  extensive  analytical  study  of  a 
single  sample  of  hemp  seed  with  results  as  follows: 


Composition  of  Water-Free  Hemp  Seed  (Frankfurt) 


Protein . 

Nuclein,  etc . 

Lecithin . 

Glycerides  and  free  fatty  acids . 

Cholesterol . 

Soluble  carbohydrates  (sucrose,  etc  ) 
Fiber . ’ 

Soluble  organic  acids . 

Bases,  hemicellulose,  etc . 

Ash . 


% 

18.63 

3.36 

0.88 

30.92 

0.07 

2.59 

26.33 

0.68 

11.03 

5.51 


^  Kraftfuttermittel.  Berlin,  1903,  p.  384. 
*  Landw.  Vers.-  Stat.  1894,  43,  143. 
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Hemp  Cake.  As  in  the  case  of  other  oil  seeds  the  composition  of  the 
cake  depends  on  the  amount  of  oil  expressed  or  extracted  and  the  dry¬ 
ness.  Following  is  a  compilation  of  661  analyses,  made  at  the  Experi¬ 
ment  Station  at  Kdnigsberg,  Prussia,  between  1877  and  1895,  and 
reported  by  Lemcke  in  his  monograph  on  hemp  cake.^ 


Composition  of  Hemp  Seed  Cake  (Lemcke) 


Water 

Protein 

Fat 

N-f.  ext. 

Ash 

Min . 

% 

8.30 

22.28 

10.81 

% 

26.85 

33.85 
30.76 

% 

7.85 

19.35 

10.17 

% 

% 

14.60* 

7.67 

Max . 

Aver . 

40.63 t 

*  Usually  below  10.00  per  cent.  t  Fiber  18.02  per  cent;  not  determined  in  all  samples. 


Proteins. — Ritthauscn-  extracted  from  defatted  hemp  seed  a  crys¬ 
talline  globulin  which,  from  the  -ultimate  analysis,  he  concluded  was 
identical  with  the  globulin  obtained  by  Griibler  ^  from  squash  seed. 
Osborne**  corroborated  this  conclusion  and  added  the  globulins  of  castor 
bean  and  flax  seed  to  the  list  of  probably  identical  crystalline  proteins. 
He  adopted  the  generic  name  “  edestin  ”  for  this  globulin. 

The  Ultimate  Composition  of  the  globulin  of  the  hemp  seed  follows: 


Ritthausen 

Osborne 

Carbon . 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

% 

50.98 

6.92 

18.73 

0.82 

22.55 

100.00 

% 

51.27 

6.85 

18.76 

0.90 

22.22 

100.00 

Amino  Acids  of  Edestin— Schulze  and  Winterstein  ®  determined  the 
hexone  bases  in  hemp  seed  edestin.  Abderhalden  ^  confirmed  their 
results  and  added  results  on  other  amino  acids  separated  by  hydrolysis. 
Kossel  and  Patten  ^  obtained  somewhat  higher  percentages  of  hexone 

»  Landw.  Vers.-Stat.  1901,  66,  161.  Z.  physiol.  Chem.  1901,  33,  547. 

2  J.  prakt.  Chem.  1882,  26,  130.  « Ibid.  1902,  37,  499;  1903,  40,  249. 

3  Ibid.  1881,  23,  97.  ^  Ibid.  1903,  38,  39. 

<  Am.  Chem.  J.  1892,  14,  662. 


HEMP  SEED 


419 


bases,  and  Osborne  and  Liddle'  much  higher  percentages  of  glutamic 

acid  and  proline.  <  u 

The  results  in  the  following  table  are  by  Abderhalden  except  where 

otherwise  noted : 

Amino  Acids  of  Hemp  Seed  Edestin 


% 

Glycocoll .  3  ^ 

Alanine .  ^  ^ 

Valine .  + 

Leucine .  20.9 

Phenylalanine .  2.4 

Tyrosine .  2.13 

Serine .  0.33 

Cystine .  0.25 

Proline .  4:.l  * 

Oxyproline .  2.0 

Aspartic  acid .  4.5 

Glutamic  acid .  18.74* 

Tryptophane .  + 

Arginine .  14.36t 

Lysine .  1 . 67  f 

Histidine .  2 . 36  f 


*  Osborne  and  Liddle. 


81.14 


t  Kossel  and  Patten. 


Jones,  Gersdorff,  and  Moeller  ^  found  in  edestin:  cystine  0.97  and 
tryptophane  2.48  per  cent. 

Nitrogen  Distribution  in  Hemp  Seed. — Van  Slyke’s  method  applied 
directly  to  the  ground  seed  by  Nollau^  gave  the  following  results: 


% 

Humin  N .  4.15 

Cystine  N .  2.05 

Arginine  N .  21.38 

Lysine  N .  0  71 

Histidine  N .  3  qi 

Mono-amino  N .  44  20 

Non-amino  N .  5  28 

Amide  N .  n  no 


Total  N 


Oil.  Hemp  oil  has  high  drying  properties;  the  maximum  iodine 
number  reported,  however,  does  not  quite  equal  the  minimum  for  lin- 


'  Am.  J.  Physiol.  1910,  26,  295. 
M.  Biol.  Chem.  1924,  62,  183. 


Mbid.  1915,  21,  611. 
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seed  oil  It  is  used  in  paint  on  the  Continent  and  in  some  sections  as  a 
table  oil.  ' 

Physical  and  Chemical  Values— The  following  extremes  are  compiled 

from  data  published  by  Allen,  De  Negri  and  Fabris,  Lewkowitsch,  and 
others: 


Sp.  gr. 
15.5*’  C. 

Maumen6 

No. 

Saponifica¬ 
tion  No. 

Iodine 

No. 

Fatty  acids, 
titer 

Min . 

0.925 

0.933 

95 

98 

1  an 

140 

166 

‘’C. 

Max . 

lyiJ 

1  OPC 

14 

lyo 

17 

Composition. — Hazura  and  Griissner  ^  give  the  following  figures  rep 
resenting  the  composition  of  the  licjuid  acids: 


% 

Oleic  acid .  15 

Linolic  acid .  70 


Linolenic  acid . "i 

Isolinolenic  acid . / 

100 

These  figures  are  subject  to  revision  by  modern  methods. 

( 

Phosphorus-Organic  Compounds. — The  percentages  of  nuclein  and 
lecithin  are  given  in  Frankfurt’s  analysis. 

Alkaloids. — Cannabinol  (C2iH3o()2),  according  to  Frankel,^  is  the 
active  principle  of  the  plant,  particularly  the  flowering  tops  of  the 
variety  indica.  The  resinous  extracts  prepared  from  the  plant  are 
apparently  of  indefinite  composition. 

Whether  hemp  seed  contains  cannabinol  or  any  other  active  principle 
seems  to  be  uncertain.  The  calyx  which  surrounds  the  fruit,  being 
morphologically  a  modified  leaf,  quite  possibly  has  some  of  the  chemical 
characters  of  the  leaves. 

Cholin  is  stated  to  be  present  in  the  plant  and  may  also  occur  in 
the  seed  or  else  in  the  calyx. 

Enzymes.  Oxydase. — In  common  with  other  seeds  containing  dry¬ 
ing  oils,  oxydase  is  present  and  exerts  its  influence  in  the  hardening  of  the 
oil.  Peroxydase  has  been  shown  by  C'oupin  ^  also  to  be  present. 

*  Monatsh.  Chem.  1887,  8,  198. 

2  Arch.  exp.  Pharm.  1903,  49. 

3  Compt.  rend.  1925,  180,  685. 
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Proteases. — Goriip-Besanos’  and  also  Vines  “  have  shown  that 
hemp  seed  contains  an  especially  active  protease,  essentially  peptic, 
that  digests  fibrin  to  albumose  and  peptone  hut  does  not  effect  further 
changes. 

Mineral  Constituents.— The  following  analysis  of  the  cake,  consti¬ 
tuting  5.27  per  cent  of  the  seed,  is  given  by  Wolff:  ^ 


K20 

Na20 

CaO 

MgO 

Fe203 

Mn203 

P2O3 

SO3 

Si02 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

20.28 

0.78 

23.64 

5.70 

1.00 

trace 

36.46 

0.19 

11.90 

0.08 

Minor  Mineral  Constituents.  Iron. — Seed  210  mg.  per  kilo,  dry  basis 
(McHargue).^ 

Manganese. — Seed  34.5  mg.  per  kilo,  dry  basis  (Wester). ^  Seed  165  mg.  per  kilo, 
dry  basis  (McHargue).^ 

Zinc. — Whole  seed  82.8  mg.  per  kilo,  air-dry  basis  (Bertrand  and  Benzon).® 
Iodine. — None  (Winterstein).' 

^  Sachs:  Physiol.  Plants.  Oxford,  1887,  p.  346. 

2  Ann.  Bot.  1908,  22,  103. 

®  Aschenanalysen.  1880,  p.  109. 

^  J.  Agr.  Res.  1923,  23,  395. 

®Biochem.  Z.  1921,  118,  158. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

^  Z.  physiol.  Chem.  1918,  104,  54. 


WEED  SEEDS  OF  THE  BUTTERCUP  FAMILY 

{Ramnwnlacese) 

Because  of  the  presence  of  poisonous  alkaloids,  the  fruits  and 
seeds  of  this  family,  as  well  as  the  flowers,  stems,  leaves,  and  roots, 
are  alike  unsuited  for  food  and  fodder.  Only  one  seed,  that  of  black 
caraway  or  black  cumin  {Nigella  saliva  L.)  used  in  Europe  as  a  spice, 
is  commonly  classed  with  foods.  Others,  notably  louse  seed  {Del-, 
phinium  Staphysagna  L.),  are  used  in  medicine  or  else  yield  alkaloids 
so  used,  bruits  and  seeds  of  species  belonging  in  four  genera  occur  in 
European  screenings:  Ranunculus  (buttercup),  Adonis  (pheasant’s 
eye),  Delphinium  (larkspur),  and  Nigella  (field  black  caraway).  Most 
of  these  species  have  been  introduced  into  the  United  States. 

The  occurrence  of  ranunculaceous  seeds  in  grain,  which  fortunately 
is  unusual  in  the  United  States  but  is  too  common  in  Europe,  neces¬ 
sitates  their  careful  removal  and  caution  in  feeding  the  screenings  con¬ 
taining  them.  Farm  animals  in  grazing  carefully  avoid  buttercups  and 
other  acrid  plants.  This  acridity  is  stated  to  disappear  on  curing. 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  flower  is 
symmetrical  both  as  to  the  petal-like  sepals  and  petals  in  Ranunculus, 
Adonis,  and  Nigella’,  unsymmetrical,  with  one  of  the  five  conspicuous 
sepals  and  two  of  the  four  inconspicuous  petals  spurred,  in  Delphinium. 
Numerous  one-seeded  achenes  are  present  in  Ranunculus  and  Adonis’, 
five  many-seeded  capsules,  more  or  less  united  at  the  base,  in  Nigella’ 
one  many-seeded  capsule  in  Delphinium. 

The  achenes  of  Ranunculus  and  Adonis  occur  as  such  in  grain  and 
screenings.  These  are  brown,  yellow,  or  green,  flattened-ovate,  and 
margined,  with  a  beak  at  the  apex  and  a  prolongation  at  the  base. 
Seeds  only  of  Nigella  and  Delphinium  are  usually  encountered,  d  hey 
are  nearly  or  quite  black,  angular,  often  bent-conical,  and  in  the  case  of 
Delphinium  transversely  wrinkled.  vSeeds  of  Adonis  are  green,  the  inner 

surface  of  the  pericarp  nearly  black. 

In  all  the  genera  the  embryo  is  minute  and  embedded  in  the  non- 

starchy  endosperm. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— Harz '  and 
Senft^  have  made  extensive  studies  of  the  group. 

^  Samenkunde.  Berlin,  1885,  p.  1063. 

*  Pharm.  Prax.  1902,  1,  65. 
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Pericarp. — In  the  pericarp  of  Ranunculus  and  Adonis  there  is  a 
parenchymatous  hypoderm  containing  oxalate  crystals  but  only  in 
Ranunculus  are  these  conspicuous  in  the  ripe  fruit.  The  third  layer  in 
Ranunculus  consists  of  longitudinal  sclerenchyma  fibers  several  thick; 
in  Adonis  this  layer  is  made  up  of  stone  cells,  each  with  a  crystal.  Both 
species  have  an  endocarp  composed  of  transverse  fibers. 

Spermoderm.— Two  or  three  layers  are  present.  Delphmium  and 
Nigella,  lacking  the  protection  of  a  pericarp,  have  a  strongly  developed 
outer  epiderm  with  thick  cuticularized  outer  wall.  In  Delphinium  these 
walls  are  warty  and  in  addition  the  cells  are  radially  elongated  on  the 
wrinkles;  in  Nigella  the  walls  are  smooth  and  the  cells  are  uniformly 
conical.  The  inner  epiderm  in  all  four  seeds  has  more  or  less  porous  or 
spiral-reticulated  walls.  These  cells  in  surface  view  are  nearly  isodia- 
metric-polygonal,  approaching  quadrilateral,  in  all  the  seeds  but  Del¬ 
phinium,  in  which  they  are  strongly  elongated  and  arranged*  in  groups 
having  their  end  walls  in  a  row.  The  outer  epiderm  of  Adonis  contains 
green  contents. 

Perisperm. — Largely  obliterated. 

Endosperm. — The  cells  are  moderately  thick-walled  and  contain 
aleurone  grains  up  to  10  ix  or  over  with  one  or  more  globoids. 


TALL  BUTTERCUP 

Ranunculus  acris  L. 

Fr.  Renoncule.  Sp.  Ranunculo.  It.  Ranuncolo.  Ger.  Scharfer 

Hahnenfuss. 


Of  the  species  of  buttercup  indigenous  to  the  United  States  several 
are  weeds  of  local  occurrence.  R.  abortivus  L.,  for  example,  is  trouble¬ 
some  in  the  writers’  garden.  None  of  these  native  species,  however, 
appears  at  present  to  grow  to  such  an  extent  in  grain  fields  as  to  cause 
appreciable  contamination  of  the  threshed  grain.  A  number  of  Euro¬ 
pean  weeds  of  the  genus  grow  luxuriantly  in  sections.  For  example,  R. 
bidbosus  L.  is  abundant  in  New  England  but  not  in  the  West,  whereas 
R.  acns  is  quite  widely  distributed,  being  abundant  in  a  number  of 
gram-growing  states  where  the  introduction  of  the  fruit  in  the  grain 
Itself  IS  quite  possible.  In  Europe  R.  arverisis  L.  is  particularly  trouble¬ 
some  and  Its  fruit  occurs  in  grain.  Several  of  the  species,  including  the 
ast  named,  have  exceedingly  acrid  juice  said  to  disappear  on  curing 


Only  the  .tall  buttercup  is  here  described,  but  others  have  much  the 
same  microscopic  structure. 
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7  fi  STRUCTURE— Each  flower  has  five  short  yellow 

sepals,  five  lustrous  yellow  petals,  and  numerous  flattened  beaked  pistils 

In  this  species  the  achene  (fruit) 
(I'lg  176)  IS  smooth  (thus  differing  from  R.  arvensis,  which  has  a  number 
of  soft  bristles  on  the  sides),  bordered,  oval  or  nearly  round,  and,  meas¬ 
ured  with  the  curved  beak  at  the  apex  and  the  prolongation  at  the 
base,  reaches  in  extreme  cases  5  mm. 

The  leathery  pericarp  usually  adheres  to  the  seed,  which  is  erect  and 
consists  in  great  part  of  endosperm,  the  speroderrn  being  thin  and 
the  embrj'o  small,  embedded  in  the  endo¬ 
sperm  at  one  end. 

MICROSCOPIC  STRUCTURE.— Harz  1 
and  Senft^  describe  the  structure  of  R. 
arvensis.  Our  studies  on  R.  arris  confirm 
Harz'  description,  at  least  as  regards  the 


Fig.  176.  Fig.  177. 

Fig.  176. — Tall  Buttercup.  Achene.  X5.  (A.L.W.) 

Fig.  177. — Tall  Buttercup.  Achene  in  cross  section.  F  pericarp:  epi  epicarp, 
hy  hypoderm  with  cr  crystals,  /*,  p  fibers.  S  sperrnoderm  with  two  cell  layers  in 
loose  contact  and  an  inner  layer  with  reticulated  walls.  E  endosperm  with  al 
aleurone  grains.  X160.  (A.L.W.) 

sperrnoderm.  Senft’s  cross  section  is  accurately  drawn  but  his  inter¬ 
pretation  appears  to  be  faulty. 

Pericarp.  (Fig.  177,  F). — Four  layers  are  present:  (1)  epicarp  (epi) 
of  large  longitudinally  elongated  cells  with  thin  slightly  wavy  walls  and 
stomata,  (2)  hypodenn  {hy),  one  or  more  cells  thick,  each  cell  of  the 
inner  layer  containing  a  single  beautiful  tetragonal  crystal  (er)  of  cal¬ 
cium  oxalate  embedded  in  a  matrix  of  brown  disorganized  chlorophyl, 
(3)  longitudinal  fibers  (/‘),  several  thick,  and  (4)  transverse  fibers  (/"), 
one  or  two  thick. 

The  crystals  in  cross  section,  although  obscured  by  the  contents  of 
the  cells,  commonly  arc  four-  or  six-sided  in  outline.  When  obtained 
free  by  scraping  they  commonly  are  square  in  outline  and  show  as 

*  Samenkunde.  Berlin,  1885,  p.  1066. 

2  Pharm.  Prax.  1902,  1,  65. 
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crossing  lines  the  four  edges  of  a  flattened  pyramid  or  a  combination  of  a 
pyramid  and  a  prism. 

In  both  layers  of  fibers  the  walls  are  thick  and  porous,  but  in  the  outer 
layer  the  size  both  of  the  fibers  and  of  the  lumen  decreases  from  without 
inward. 

-  Spermoderm  (Fig.  177,  S). — There  are  three  layers:  (1)  outer 
epiderm^  in  surface  view  of  more  or  less  elongated  cells  with  rounded 
ends  and  somewhat  swollen  walls,  in  loose  contact,  (2)  middle  layer  much 
like  the  first,  and  (3)  inner  epiderm  with  finely  reticulated  radial  and 
inner  walls,  tlie  cells  in  surface  view  being  isodiametric  or  moderately 
elongated,  and  polygonal,  often  with  some  of  the  sides  so  reduced  as  to 
be  practically  square. 

Senft  considers  that  the  layer  of  porous  cells  is  perisperm,  whereas 
in  other  ranunculaceous  seeds  he  considers,  properly  in  our  opinion,  that 
the  corresponding  layer  is  the  inner  epiderm  of  the  spermoderm.  The 
cells  of  the  middle  layer  of  the  spermoderm  he  also  shows  with  beaded 
walls  but  elongated. 

Perisperm.  A  thin  band  of  obliterated  tissue  is  evident  in  some  parts 
in  cross  section. 

Endosperm  (Fig.  177,  E). — Aleurone  cells  with  rather  thick  walls 
make  up  the  endosperm.  The  aleurone  grains  vary  from  3  /z  in  the 

outer  layers  to  10  ^  or  more  further  inward.  One  or  more  globoids  are 
present. 

Chief  Structural  Characters. — Achene  smooth,  margined,  with 
curved  beak  and  basal  projection.  Seed  adherent  to  pericarp  (in  related 
genera  free).  Endosperm  bulky,  embryo  small  at  one  end. 

Hypoderm  with  large  tetragonal  crystals;  fibers  in  crossing  layers 
Spermoderm  with  inconspicuous  outer  epiderm  (grotesque  in  related 
genera) ,  inner  epiderm  with  spiral  reticulations. 


PHEASANT’S  EYE 

Adonis  sestivalis  L. 

Fr.  Adonide.  Ger.  Sommeradonisroschen. 

The  showy  red  or  vellow  flowpr^j  nf 

have  led  to  their  cultivation  as  ornamentals.  TLSE^ro'^'^Th* 

Adonidin.a  poisol“ 
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inner  surface  of  the  pericarp  is  nearly  black,  and  the  spermoderm  is 
peacock  green  with  a  metallic  luster. 

MICROSCOPIC  STRUCTURE. — Senft  ^  describes  the  histology  of 
both  pericarp  and  seed. 

Pericarp. — As  in  the  tall  buttercup, .four  layers,  although  of  different 
stmcture,  are  present :  (1)  epicarp  of  polygonal  striated  cells,  hair  scars, 
and^  stomata,  (2)  hypodcrm  of  compressed  parenchyma,  several  cells 
thick,  containing  small  oxalate  crystals,  (3)  brown  stone  cells,  several 
thick,  each  containing  a  single  large  oxalate  crystal,  and  (4)  endocarp 
of  transversely  elongated  sclerenchyma  fibers. 

Spermoderm. — The  two  epidermal  layers  are  readily  distinguished 
in  surface  view  by  their  size  and  color:  (1)  the  outer  epiderm  cells  are 
irregidarly  polygonal,  up  to  100  y  in  diameter  and  have  peacock  green 
contents;  (2)  inner  epiderm  cells  are  polygonal,  often  nearly  square,  up 
to  35  p  in  diameter,  and  have  beaded  walls  and  olive  green  contents. 
A  middle  layer  is  evident  in  parts. 

Endosperm  and  Embryo. — See  Tall  Buttercup. 

Chief  Structural  Characters. — Achene  of  buttercup  type  but 
more  irregular  and  wrinkled.  Pericarp  Idack  on  inner  surface.  Seed 
free.  Spermoderm  peacock  green. 

Hypoderrn  with  small  crystals;  stone  cells  with  large  crystals; 
endocarp  fibers  transversely  elongated. 


FIELD  LARKSPUR 

Delphinium  Consolida  L. 

Fr.  Dauphinelle.  Sp.  Kspuela.  It.  Fior  cappuccio.  Ger.  Feldrittersporn. 

The  field  larkspur  of  I-Airope  is  mentioned  by  Gray  as  occurring  in  old 
grain  fields  of  the  eastern  United  States  and  by  Selby  ^  as  having  made 
its  way  as  far  west  as  Ohio.  \\  hole  pods  of  this  species  occur  in  Summer 
grain  of  central  Llurope  and  seeds  in  W  inter  grain,  for  which  reasons 
Senft  ^  has  studied  the  histology.  D.  Staphysagna  L.,  a  native  of  south¬ 
ern  luirope,  is  valuable  in  medicine  because  of  its  alkaloids.  Its  seed 
was  studied  by  Senft  because  of  its  possible  occurrence  in  grain  of  sub- 

tropical  regions. 

MACROSCOPIC  STRUCTURE.— The  striking  difference  of  the 
flowers  of  larkspurs  and  columbines  from  buttercups,  all  classed  in  the 
same  family,  is  a  continual,  sorirce  of  bewilderment  to  the  layman. 

1  Phiirm.  Pnix.  1902,  1,  05. 

2  Ohio  Agr.  Exp.  Sta.  1900,  Bui.  176,  325. 

*  Pharrn.  Prax.  1902,  1,  65. 
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Evidence  that  the  systematist,  basing  his  classification  on  the  less 
conspicuous  parts,  is  sound  is  found  in  the  microscopic  struc^re. 

All  five  sepals  are  usually  bright  blue,  one  being  provided  with  a 
long  spur,  while  the  two  of  the  petals  are  inconspicuous.  The  pod  is 
many-seeded;  the  black  seeds  are  2  mm.  long,  angular,  often  bent- 
conical,  and  transversely  wrinkled,  suggesting  the  cones  of  conifers. 
As  in  buttercup  seed,  the  embryo  is  minute  and  embedded  in  the  upper 
end  of  the  endosperm. 

MICROSCOPIC  STRUCTURE. — Harz  ^  gives  an  accurate  descrip¬ 
tion  of  the  microscopic  structure  of  the  seed  and  Senft  -  illustrates  his 
description  with  a  cross  section  of  the  seed  and  a  surface  view  of  the  inner 
epiderm  of  the  spermoderm. 

Spermoderm. — Three  layers  are  present:  (1)  outer  epiderm  with  a 
greatly  thickened  (15  u)  warty  cuticle,  the  cells  of  which  on  the  wrinkles 
shoot  up  to  a  height  of  over  200  u,  often  appearing  fan-shaped  in  cross 
section,  (2)  middle  layer,  several  cells  thick,  of  longitudinally  elongated 
brown  cells  in  loose  contact  with  swollen  walls  rounded  at  the  ends,  and 
(3)  inner  epiderm  of  longitudinally  elongated  cells,  with  fine  spiral- 
reticulations,  arranged  in  groups,  those  in  the  same  group  with  end  walls 


in  a  row. 


Senft  figures  and  describes  a  fourth  layer  which  would  appear  to  be 
either  perisperm  or  the  outer  layer  of  the  endosperm. 

Perisperm  and  Endosperm. — Much  as  in  buttercup. 

Chief  Structural  Characters.— Seed  black,  2  mm.,  cone-like 
transversely  wrinkled.  ’ 

Spermoderm  with  warty  epidermal  cells  extended  as  fan-like  out¬ 


growths,  innei  epidermal  cells  elongated,  spiral-reticulated. 

According  to  Senft,  the  outer  epiderm  of  the  snermnHf^rm  n 


FIELD  BLACK  CARAWAY 

J\tgella  arvensis  L, 


Fr.  Nigelle.  Ger.  Ackerschwarzkummel. 


*  Samenkunde.  Berlin,  885 
^  Loc.  cit. 


in  horticulture  by  several  species, 
ers,  etc.,  which  are  characterized 
:  surrounding  the  blue,  white,  or 
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yellow  flowers.  N .  saliva  L.  is  the  black  caraway  or  black  cumin  of 
l^^urope  used  to  some  extent  as  a  flavor.  The  wild  species,  N.  arvensis, 
grows  in  European  grain  fields,  and  the  seed  occurs  in  screenings. 

MACROSCOPIC  STRUCTURE. — The  seed  is  much  like  that  of 
larkspur,  being  black,  angled,  and  over  2  mm.  long,  but  is  only  granular 
on  the  surface  and  not  transversely  wrinkled,  although  the  seeds  of 
some  other  species  of  the  genus  are  wrinkled. 

MICROSCOPIC  STRUCTURE.  Spermoderm. — Harz  ^  and  Senft  ^ 
both  describe  four  layers.  Since  their  inner  layer  is  probably  perisperm 
or  outer  endosperm,  only  three  layers  arc  here  given:  (1)  outer  epiderm 
of  thick-walled  cells  extended  beyond  the  surface  as  blunt-conical,  non- 
warty  papill®,  (2)  middle  layer  of  thin-walled  more  or  less  compressed 
parenchyma,  and  (3)  inner  epiderm  of  spiral-reticulated  cells,  in  surface 
view  polygonal  with  some  of  the  sides  so  reduced  as  to  appear  square. 

Perisperm  and  Endosperm. — As  in  buttercup. 

Chief  Structural  Characters. — Seed  resembles  larkspur  seed 
but  granular,  not  wTinkled. 

Spermoderm  with  blunt-conical,  non- warty  papillae. 

^  Samenkunde.  I3orIin,  1885,  p.  1070. 

*  Pharm.  Pra.x.  1902,  1,  05. 


SEEDS  OF  THE  POPPY  FAMILY 


(Papaveraceae) 

Seeds  of  species  of  poppy,  grown  for  food  or  oil  production,  or  occur¬ 
ring  as  weed  seeds  in  grain  fields,  are  here  described. 


POPPY  SEED 

Papaver  somniferurn  L.  =  P.  opiifenim  Forsk. 

Fr.  Pavot.  Sp.  Adormidera.  It.  Papavero.  Ger.  Mohnsamen. 

The  wild  poppy  (P.  setigerum  D.C.  =  P.  somjiiferum  var.  setigerum 
Elk.)  of  Mediterranean  countries  is  probably  the  progenitor  of  the 
poppy  cultivated  for  opium  and  seed.  It  is  believed  to  have  originated 
in  Greece  or  some  neighboring  country,  during  prehistoric  times,  whence 
it  traveled  to  Asia  Minor,  Persia,  and  India.  Not  until  the  sixteenth 
century  does  it  appear  to  have  been  known  in  China,  where  today,  as 
well  as  elsewhere  in  Asia  and  various  parts  of  Europe,  it  is  extensively 
cultivated. 

Two  varieties  or  groups  of  cultural  varieties  appear  to  be  well 
marked:  the  white-seeded  (var.  album  D.C.  =  P.  officinale  Gmel.)  and 
the  black-,  brown-,  or  blue-seeded  (var.  nigrum  D.C.  =  P.  nigrum 
Crantz  =  P.  opiiferurn  Forsk.).  The  color  of  the  blue  poppy  seed  is 

optical,  the  contents  of  the  pigment  layer  being  brown  as  explained 
below. 

In  general  it  may  be  stated  that  the  white-seeded  varieties  are  pre¬ 
ferred  for  opium  production,  and  these  are  the  varieties  most  commonly 
grown  m  India  whether  for  opium  or  seed.  The  varieties  grown  in  the 
Levant,  Russia,  France,  and  other  parts  of  Europe  for  seed  are  more 
commonly  blue  or  gray.  In  addition  to  their  use  in  oil  production  the 
blue  seed  frequently  is  added  to  bread,  to  which  it  imparts  a  peculiar 
dehcate  flavor.  Rolls  with  poppy  seed  sprinkled  on  the  surCam 
often  made  by  bakers  both  in  Europe  and  America. 

Poppy  seeds  are  entirely  free  from  opium 

IWACROSCOPIC  STRUCTURE.-Among  the  marked  characters 

mals  thT  '''  conspicuous  but  delicate  satiny 

petals,  the  numerous  stamens,  and  the  globular  one-celled  ovary  with 
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usually  twelve  placentae  united  to  form  partitions  and  as  many  radiating 
sessile  stigmas  united  to  form  a  flat  projecting  top.  Dehiscence  is  com¬ 
monly  through  small  openings  formed  beneath  the  cap. 

The  seeds  are  minute,  and  as  many  as  2130  have  been  counted  by 
Kohlreuteri  in  a  single  capsule.  In  form  the  half  anatropous  seeds 

(Fig.  178,  1}  are  kidney-shaped  with  one  end 
broader  than  the  other  and  a  marked  notch  in 
which  are  both  the  hilum  and  chalaza  con¬ 
nected  by  a  short  raphe;  in  color  they  range 
from  white  through  blue,  gray,  and  brown 
to  nearly  black.  Under  a  lens  the  surface  is 
beautifully  reticulated.  The  bent  embryo 
(Fig.  178,  II)  with  cotyledons  slightly  longer 
than  the  radicle  is  in  the  center  of  the  fleshy 
endosperm. 


I 


II 


Fiq.  178. — Poppy  Seed.  I 
seed.  II  embryo.  X  lb. 
(A.L.W.) 


MICROSCOPIC  STRUCTURE. — Because  of  its  small  size  and  the 
compression  of  the  layers,  poppy  seed  is, not  easily  studied. 

•  Spermoderm  (Fig.  170,  S]  Fig.  180). — The  earlier  authors  overlooked 
certain  layers  of  the  spermoderm  and  later  authors  are  not  agreed  as  to 
whether  there  are  five  or  six.  Winton  ^  finds  but  five  layers  as  follows: 
(1)  Older  epidertn  (ep)  of  low  but  enormously  broad  cells  with  thin  wavy 


Fio.  179. — Poppy  Seed.  Cross  section.  S  spermoderm:  ep  outer  epiderm, 
k  crystal  layer,  /  fiber  layer,  q  cross  cells,  n  i)i|2;ment  cells.  E  endosperm  containing 
aZ  aleurone  grains.  XIOO.  (A.L.W.) 

walls,  corresponding  to  the  ribs  of  the  seed,  (2)  crystal  layer  (k)  of  thin- 
walled  cells  containing  granular  crystals  of  calcium  oxalate,  (3)  fiber 
layer  (/),  the  individuals  being  broad  (up  to  40  ^)  with  thick  walls,  (4) 
cross  cells  (q)  with  brown  walls,  and  (5)  pigment  cells  (n)  with  spiral 
reticulations  and  dark  contents  (pig). 

^Mach:  Landw.  Vers.-Stat.  1902,  67,  421. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1903,  p.  195. 
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The  sixth  or  innermost  layer,  mentioned  by  several  authors  (doubt¬ 
less  on  the  authority  of  one),  is  not  evident  in  a  number  of  mature 
seeds  examined  by  us. 

The  color  of  the  gray  seeds  has  been  shown  by  A.  Meyer  ^  to  be  optical 
and  due  to  the  crystals  of  the  second  layer.  When  these  are  dissolved 
in  acid  the  seed  is  brown.  The  apparent  blue  of  the  sky  and  of  the  iris 
of  blue  eyes  is  due  to  a  similar  interference  phenomenon. 

Beneath  the  ribs  the  fibers  are  thicker,  contributing  in  large  part  to 
the  prominence  of  the  reticulations. 


tiG.  180. — Poppy  Seed.  Spermoderm 
k  crystal  layer;  /  fiber  layer;  q  cross  cells; 
Xieo.  (A.L.W.) 


in  surface  view,  ep  outer  epiderm; 
n  pigment  cells  containing  pig  pigment. 


Endosperm  (Fig.  179,  £).— Typical  parenchyma  with  aleurone 

grains  reaching  a  maximum  of  7  ^  in  the  inner  layers  makes  up  the  bulky 
endosperm. 

characterless.  Only  one  layer  of  palisade 
cdls  IS  present  m  the  cotyledons,  the  cells  being  slightly  elongated. 
The  contents  are  like  those  of  the  endosperm. 

..  Characters.— Seeds  small,  kidney-shaped 

reticulated,  blue-gray.  Endosperm  bulky.  ’ 

Spermoderm  with  large,  thin-walled  outer  epidermal  cells  corre 
spending  to  reticulations,  crystal  cells,  broad  fibers,  brown  cross  cells’ 

MVissenschaftliche  Drogenkunde.  Berlin,  1891,  p.  160. 
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CHEMICAL  COMPOSITION. — No  American  analyses  of  the  seed 
or  cake  are  available.  The  followinj>:  limits  of  composition  are  based 
on  hhiropean  analyses  of  poppy  seed  of  Asiatic  and  Continental  origin 
quoted  by  Dietrich  and  Kbnig  ^  and  Mach:- 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

3.00 

14.70 

% 

12.00 

23.12 

% 

23.45 

55.02 

% 

9.50 

30.14 

% 

4.77 

0.10 

% 

3.42 

7.89* 

*  In  a  sample  of  Smyrna  seed  Dietrich,  Hesse,  and  Greitherr  found  13.1)7  per  cent,  doubtless 
due  to  sand. 


I 

More  recent  and  more  complete  analyses  are  given  in  Mach’s  mono¬ 
graph  referred  to  above,  as  follows: 


Composition  of  Poppy  Seed  (Mach) 


V\’  a  t  e  r 

Pro¬ 

tein 

Pure 

pwotcin 

•Anunes, 

amides, 

etc. 

Fat 

N-f. 

ext. 

Pento¬ 

sans 

Fiber 

Ash, 

total 

COj 
in  ash 

Sand 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

10.  Indian . 

4.. 50 

22.68 

21.60 

1.08 

48.02 

9.81 

3.44 

■5.18 

7.14 

0.77 

0.37 

Levantine . 

4.28 

20.28 

18.42 

1.86 

50.65 

10.58 

3.0.5 

5.38 

6.61 

0.83 

0.22 

Turkish . 

3.87 

20.35 

18.88 

1.47 

51.40 

9.50 

3.20 

5.61 

6.84 

0.80 

0.45 

Poppy  Seed  Cake. — The  following  limits  are  from  a  compilation  by 
Mach:  2 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

4.3 

17.7 

% 

24.4 

41.0 

% 

3.8 

17.1 

% 

8.5 

29.0 

•  % 

4.9 

22.8 

% 

10.1 

14.5 

Max . 

The  limits  and 'averages  obtained  in  the  analysis  of  143  samples  at 
Prussian  experiment  stations  from  1892  to  1896  are:  protein  29.3  to 
40.9,  aver.  36.72;  fat  5.6  to  16.7,  aver.  12.22  per  cent. 

The  composition  of  the  cake  of  more  recent  origin  is  shown  by  Mach  s 
own  analyses  of  4  samples,  2  of  French  cake,  the  first  from  Turkish  and 

'  Zusiim.  Verd.  Futterm.  1891,  I,  574. 

2  Landw.  Vers.-Stat.  1902,  67,  419. 
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the  second  from  Levantine  seed,  and  2  of  German  cake,  both  from  East 
Indian  seed: 


Composition  of  Poppy  Seed  Cake  (Mach) 


Water 

Protein 

Pure 

protein 

Fat 

N-f.  ext. 

Pento¬ 

sans 

Fiber 

Ash, 

total 

CO2 
in  ash 

Sand 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

French : 

I . 

10.05 

37.29 

35.22 

8.11 

14.38 

5.32 

12.35 

13.49 

0.99 

2.59 

II . 

11.20 

32.03 

30.81 

5.65 

21.26 

5.01 

11.13 

14.88 

1.16 

3.71 

German: 

I . 

8.48 

40.47 

39.04 

8.63 

15.81 

5.58 

9.23 

13.26 

1.46 

1.02 

II . 

8.46 

38.35 

36.46 

13.36 

16.87 

5. 52 

7.95 

10.83 

1.04 

0.76 

Proteins. — The  poppy  being  the  only  species  of  the  family  yielding  a 
commercial  oil  seed,  the  lack  of  data  on  the  proteins  leaves  an  unfortu¬ 
nate  gap  in  the  study  of  group  characters  and  their  interrelations.  The 
unique  structure  of  the  seed  and  its  content  of  calcium  oxalate  suggest 
that  possibly  the  proteins  may  be  unusual. 

Oik— The  degree  of  unsaturation  as  indicated  by  the  iodine  number 
places  poppy  seed  oil  intermediate  between  walnut  and  hemp  seed  oils. 
Like  both  of  these  the  cold  pressed  oil  is  edible.  Because  of  its  drying 
properties,  as  well  as  for  other  reasons,  it  is  valuable  for  artists’  colors. 

Physical  and  Chemical  Values. — Tolman  and  Munson  ^  appear  to  be 
the  only  American  chemists  who  have  recorded  data  on  authenticated 
samples.  From  their  compilation  and  figures  given  by  Lewkowitsch 
and  others  the  following  limits  are  taken : 


\alues  of  Poppy  Seed  Oil 


Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Maumene 

No. 

Saponifica¬ 

tion 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

Min . 

0.9239 

0.9370 

1 .4730 

1 .4750 

71 

89 

189 

°C. 

Max. . .  . 

130 

15 

197 

158 

17 

« 

of  13o'fo'’l4n  nnn''’  prepared,  usually  has  an  iodine  number 

«  130  to  140  and  an  acidity  calculated  as  oleic  of  less  than  1  ner  T* 

Higher  figures  for  iodine  number  were  obtained  by  Utz  ^  in  extraoteS! 

■U^K.  Dept.  Agr.,  Bur.  Chem.  1903,  Bui.  77,  42 
Chcm.  Ztg.  1903,  27,  1177;  1904,  28,  257. 
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The  commercial  oil,  particularly  that  designed  for  technical  purposes, 
may  contain  upward  of  20  per  cent  of  acid. 

Composition— ThQ  percentages  of  individual  acids  in  the  liquid  acid 
of  poppy  seed  oil,  as  given  by  Hazura  and  Griissner,'  are  as  follows: 


% 

Oleic  acid .  30 

Linolic  acid .  (>5 

Linolenic  acid .  5 


100 

These  have  been  often  quoted  and  often  disputed.  Tolman  and 
Munson  found  6.67  per  cent  of  solid  acids  in  the  total  fatty  acids. 

Carbohydrates. — Results  on  pentosans  and  fiber  are  given  in  Mach’s 
analyses  above.  Little  is  known  about  the  other  carbohydrates. 

Phosphorus-Organic  Compounds.  Lecithin. — Schulze  and  Frank¬ 
furt  ^  found  0.25  per  cent  of  lecithin  in  the  dry  matter.  Mach,^  follow¬ 
ing  Schulze’s  method,  obtained  0.94  per  cent,  calculated  to  the  same 
basis. 

Phytin  and  Nuclein,  like  protein,  are  subjects  for  study. 

Mineral  Constituents. — Mach  analyzed  the  ash  of  the  3  samples  of 
poppy  seed  and  the  4  samples  of  cake,  the  proximate  analyses  of  which 
are  given  in  two  of  the  foregoing  tables,  with  the  following  minimum 
and  maximum  results,  calculated  in  percentages  of  the  pure  ash: 


Composition  of  the  Ash  of  Poppy  Heed  and  Poppy  Heed  Cake  (Mach) 


Ash  * 

K2O 

Na20 

CaO 

MrO 

Fe203 1 

P2O5 

S()3 

Si  (>2 

U  ndet. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

.Seed : 

Min . 

Max . 

5.. 56 
6.36 

10.85 

12.25 

0.70 

0.90 

32.00 

34.90 

8.65 

9.05 

1.80 

2.65 

32.10 

35.05 

3.60 

3.75 

1.05 

1.70 

3.60 

4 . 85 

Cake: 

Min . 

Max . 

9.03 

10.78 

12.05 

14.40 

0.65 

0.80 

32 . 95 
36.  10 

7.70 

9.40 

2.80 

3.50 

29 . 55 
34 . 20 

3.30 

3.80 

1.00 

2.70 

2.10 

3.85 

- - 

*  In  material  a8hed.  t  Includes  AI2O3. 


Calcium  Oxalate.— CA  special  interest  i.s  the  hifjh  percentage  of  lime 
attributable  in  considerable  part  to  the  presence  of  calcium  oxalate 
crystals.  The  location  of  this  .salt  is  clearly  shown  in  the  foregoing 

description  of  the  histological  structure.  v  + 

Mach  3  found  1.62  per  cent  of  oxalic  acid  (C2H2O4)  m  Last 


1  Monatsh.  Chem.  1888,  9,  180. 

2  Landw.  Vers.-Htat.  1804,  43,  312. 


3  Loo.  cit. 
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Indian  poppy  seed  equivalent  to  2.63  per  cent  of  calcium  oxalate 
(CaC204  +  H2O).  The  equivalent  calcium  oxide  is  1.01  per  cent  or 
a  trifle  over  half  of  the  whole  amount  (2.22  per  cent)  found  by  him  in 
the  ash,  calculated  in  percentage  of  the  unburned  material.  The  per¬ 
centage  of  carbon  dioxide  equivalent  to  2.63  per  cent  of  calcium  oxalate 
is  0.791,  which  corresponds  almost  exactly  with  the  amount  of  carbon 
dioxide  (0.77  per  cent)  present  in  the  ash  of  the  sample,  calculated  to 
the  unburned  material.  It  thus  appears  that  the  carbon  dioxide  of  the 
ash  is  derived  from  the  calcium  oxalate  which  burns  to  the  carbonate. 

Minor  Mineral  Constituents.  Manganese. — Seed  30  to  31  mg.  per  kilo,  dry  basis 
(Wester).^ 


1  Biochem.  Z.  1921,  118,  158. 
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SEEDS  OF  THE  MUSTARD  FAMILY 

{Cruciferx) 

The  members  of  the  mustard  family  besides  furnishing  us  with  some  j 
of  the  most  valuable  pot  herbs  (cabbage,  Brussels  sprouts,  kale,  cauli-| 
flower,  kohl  rabi),  root  vegetables  (turnip,  radish),  and  the  root  condi-j 
ment  horse-radish,  yield  seeds  with  high  oil  and  protein  content  wellj 
suited  for  oil  production  and  feeding  and  often  with  pungent  principles, 
valuable  alike  as  drugs  and  condiments.  (See  Black  Mustard,  Sarepta 
Mustard,  Brown  Mustard,  Charlock,  Indian  Mustard,  and  White 
Mustard  under  Spices,  Volume  III.) 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  family  is 
characterized  morphologically  by  the  flowers  with  four  inconspicuous 
sepals  and  wdth  four  petals,  commonly  yellow  or  white,  symmetrically 
arranged  forming  a  cross,  the  pod  usually  two-celled  and  opening  by  two 
valves,  and  the  irregularly  rounded  or  ovoid  carnpylotropous  seeds  with 
a  thin  shell-like  spennoderm  and  a  still  thinner  endosperm. 

The  genera  here  considered  may  be  classified  as  follows:  (1)  pod' 

^  round,  jointed,  indehiscent:  Kaphanus;  (2)  pod  round,  long  or  short, j 
dehiscent  by  valves :  Eruca,  Brassica,  Bisymhrium,  Erysimum,  Barharea,^ 
Camelina;  (3)  pod  flat,  dehiscent  by  valves:  Capsclla,  Lepidium,^ 
Thlaspi.  In  the  subsequent  tables  they  are  arranged  in  order  here  given.J 

In  color  the  seeds  range  *from  light  yellow  to  dark  brown  or  black,  in 
size  from  less  than  1  mm.  to  4  mm.  or  more.  Certain  of  the  true  mus¬ 
tards  {Brassica)  have  seeds  with  more  or  less  marked  reticulations  visible 
under  a  lens  of  moderate  power,  such  as  a  watch-maker’s  lens,  magni¬ 
fying  about  two  diameters,  while  field  pennycrcss  (Thlaspi)  has  distinct 
and  hare’s  car  (Erysimum)  indistinct  striations  parallel  with  the  axes  of 
underlying  radicle  and  cotyledon. 

An  important  morphological  detail  is  the  arrangement  of  the  cotyle¬ 
dons  with  respect  to  the  radicle.  If  these  present  their  edges  to  the 
radicle  ( =  o)  they  are  accumbent,  if  their  faces  ( II  o)  they  are  incumbent, 
if  folded  so  that  the  radicle  is  in  the  angle  ( <^0)  they  are  conduplicate. 
De  Candolle  divides  the  genera  into  five  groups:  (1)  Pleurorhizese  with 
accumbent  cotyledons,  (2)  Notorhizex  with  incumbent  cotyledons,  (3) 
Orthoplocese  with  conduplicate  cotyledons,  (4)  Spirolohese  with  spiral 
embryo,  and  (5)  Diplocolohcx  with  double  folded  cotyledons,  the  last 
two  groups  not  being  represented  in  this  work.  One  objection  to  this 
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classification  is  that  it  dismembers  the  genus  Lepidium,  one  species 
having  accumbent  cotyledons,  the  other  incumbent. 

Some  of  the  important  macroscopic  characters  of  the  seeds  here  con¬ 
sidered  appear  in  the  table  on  the  following  page.  The  maximum  diam¬ 
eters  given  are  the  longest  diameters  of  the  largest  seeds,  which  are,  in 
our  experience,  more  definite  and  convenient  than  average  diameters. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— Cross  sections 
are  best  cut  dry,  holding  the  seed  between  pieces  of  cork.  If  mounted  in 
alcohol  the  contents  of  the  epidermal  cells  may  be  seen  with  little  if  any 
change.  Cautious  addition  of  water  to  such  mounts  permits  a  study  of 
the  swelling  mucilage. 

The  preparation  of  satisfactory  cross  sections,  which  in  the  study  of 
the  whole  seed,  even  for  an  expert,  requires  time  and  patience,  in  the  exam¬ 
ination  of  oil  cake  is  quite  impracticable.  For  the  diagnosis  of  oil  cakes 
and  meal  it  is  therefore  necessary  to  depend  on  surface  preparations 
variously  treated  as  described  in  a  subsequent  section.  A  table  showing 
the  chief  characters  in  surface  view  is  given  herewith.  This  should  be 
consulted  in  connection  with  a  perusal  of  the  following  general  discussion 
of  the  different  tissues. 

Spermoderm.— Normally  four  layers  are  present:  (1)  outer  epiderm 
of  polygonal  cells  containing  mucilage,  (2)  suhepiderm  of  thin-walled  or 
collenchymatous  (or  collenchyma-like)  cells,  (3)  palisade  layer  with 
inner  and  radial  walls  more  or  less  thickened,  and  (4)  parenchyma,  more 

or  less  compressed,  including  the  inner  epiderm  which  is  seldom  differ¬ 
entiated  in  the  ripe  seed. 


In  many  cruciferous  seeds  the  first  two  layers  at  maturity  are  so 
compressed  as  to  show  no  structure  in  either  cross  section  or  surface 
view.  Much  emphasis  has  been  laid  on  this  character— in  fact  the 
group  may  be  classified  on  this  basis  into  two  sub-groups— but  such  a 
classification  is  not  satisfactory  because  unripe  seeds  may  show  struc¬ 
ture  lacking  in  the  mature  seeds,  and  even  mature  seeds  under  favorable 
conditions  show  cell  structure,  also  because  cross  sections,  which  are 

(I)  £pi*rm.-When  evident  the  cells  in  cross  section  are  ouadri 
lateral,  varying  in  height  with  the  species.  In  surface  view  they  are 
polygonal,  the  walls  appearing  thin  and  characterless,  beaded  or  swollen 
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D’Arbaumont's  investigation  ^  seems  to  show  that  the  mucilage  is 
formed  from  cell  contents,  not  from  cell  wall  as  has  been  previously 
held.  If  such  is  the  case,  it  is  hard  to  explain  the  flow  outward  of 
mucilage  from  between  the  middle  lamella  and  the  inner  thickened  wall  in 
Capsella  and  Lepidium. 

(2)  Subepiderm. — When  present  the  cells  are  ordinarily  thin-walled 
and  characterless;  in  white  mustard  and  dissected  mustard,  however, 
they  are  collenchymatously  thickened  at  the  angles,  rendering  the  layer 
conspicuous  and  highly  important  in  diagnosis. 

(3)  Palisade  Layer. — It  is  in  this  layer  that  differentiation  is  most 
striking.  The  term  palisade  layer  is  perhaps  unfortunate  since  in  cer¬ 
tain  species  the  cells  are  much  broader  than  high,  and  in  three  seeds, 
hedge  and  tumbling  mustard  (Sisymbrium)  and  hare’s  ear  (Erysimum), 
even  the  thickening  of  the  radial  wall  is  absent.  In  radish  (Raphanus), 
rocket  (Eruca),  mustards  and  rape  (Brassica),  and  field  penny  cress 
(Thlaspi)  the  cells  are  strongly  palisade-shaped  with  thickened  inner 
and  radial  walls,  varying  in  color  from  light  yellow  (white  and  dissected 


mustards,  sarson)  to  dark  brown  (black,  Sarepta,  and  Indian  mustards, 
charlock,  rapes).  In  certain  species  the  height  of  the  cells  varies,  thus 
forming  the  characteristic  dark  network  seen  in  surface  view  of  the  mus¬ 
tards  and  the  dark  bands  of  field  pennycress.  Usually  these  reticula¬ 
tions  of  the  palisade  layer  also  cause  reticulations  of  the  seeds;  in  white 
and  dissected  mustard,  however,  owing  to  the  somewhat  rigid  epiderm 
and  subepiderm,  the  reticulations  do  not  appear  also  on  the  surface. 
Only  the  inner  part  of  the  radial  wall  is  ordinarily  thickened,  the  ratio  of 
thickened  to  thin  wall  varying  with  the  species. 

The  size  of  the  cells  in  surface  view  (see  table)  varies  sufficiently  in 

le  genus  Brassica  to  be  of  great  aid  in  diagnosis,  and  still  greater  varia- 
tion  occurs  in  other  genera. 


of  breadth  of  lumen  to  breadth  of  double  walls  in  surface 
view  differs  greatly.  In  common  and  German  rape  there  is  sufficient 
difference  to  distinguish  the  two,  although  the  lumen  is  not  in  these  or 
any  other  meinbers  of  the  genus  much  broader  than  the  double  wills 

V  ereas  in  all  but  the  last  of  the  seven  seeds  at  the  bottom  of  the  table 
It  IS  several  times  as  broad.  ^ 

Contents  are  not  conspicuous  or  interesting  except  in  charlock- 
(Brassica  arvensis),  where  the  black  material  responds  to  a  remarklht 
color  reaction  with  acid  chloral  hydrate,  and  in  winter  cress 
where  each  cell  contains  a  fine  crystal  of  calcium  oxalate. 

(4)  Parenchyma  (Pigment  Cells).-One  or  more  layers  of  thin  ii  u 

■  j.  mic.  1891,  15,  212;  Bui.  soc.  hot.  Prance,  1891,  38,  67. 
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tents  may  bo  present  or  the  walls  impregnated  with  the  coloring  matter, 
hence  the  name  “  pigment  cells,”  which  is  not  applicable  when  the  walls 
and  contents  are  colorless.  Field  pennycress  (Thlaspi)  has  an  inner 
layer  of  large  cells  which  is  doubtless  inner  epiderm.  As  a  rule  the 
parenchyma  layer  is  neither  distinctive  nor  interesting. 

Endosperm.  It  is  remarkable  that  neither  endosperm  nor  embryo 
differs  materially  in  any  of  the  species  from  the  type.  The  endosperm 
consists  of  a  single  layer  of  aleurone  cells  and  an  inner  tissue  of  com- 
pressed  cells.  The  aleurone  cells  are  (piite  like  those  of  the  cereals 
and  the  aleurone  grains  are  so  small  as  to  leave  some  uncertainty  as  to 
their  being  true  to  name.  Gram  ^  notes  that  in  one  species  {Brassica 
dichotovia)  the  cells  form  commonly  a  double  layer  comparable  with 
that  of  barley,  but  this  we  do  not  confirm. 

Embryo. — Cotyledons  and  radicle  are  not  only  alike  in  general 
structure  throughout  the  family  but  show  so  little  difference  in  detail, 
such  as  size  and  character  of  aleurone  grains,  as  scarcely  to  be  worthy 
of  notice.  In  cross  sections  of  the  cotyledons  several  rows  of  palisade 
cells  are  seen  on  the  inner  sides  and  several  of  more  or  less  nearly  isodia- 
metric  cells  on  the  outer  sides  with  rows  of  procambium  bundles  in  the 
tissue  between.  In  surface  view  of  the  epiderm  the  division  into 
daughter  cells,  later  becoming  stomata,  is  evident. 

The  aleurone  grains  vary  up  to  20  ju,  being  smallest  in  the  outer  layers. 
In  form  they  are  isodiametric  or  elongated,  the  latter  measured  through 
the  longer  axis  reaching  the  maximum  size  stated.  Numerous  globoids 
are  the  only  visible  contents  of  the  grains.  The  arrangement  of  some 
large  grains  in  the  narrow  palisade  cells  produces  a  curious  partitioned  or 
jointed  appearance. 

Of  special  interest  are  the  myrosin  cells  discovered  by  Gruinard.- 
These  contain  grains  without  globoids,  the  whole  cell  being  more  refrac¬ 
tive  than  the  adjoining  cells  and  giving  stronger  protein  reactions  as 
noted  under  black  mustard.  The  cells  occur  in  parts  of  the  plant  other 
than  the  seed  but  without  the  contents  assuming  the  form  of  grains. 
Gram  ^  shows  myrosin  cells  in  the  cotyledons  of  rape;  we  find  them  more 
often  in  the  radicle,  black  and  white  mustard  being  suitable  material 

for  their  study. 

MICROSCOPY  OF  CRUCIFEROUS  PRODUCTS.— Cross  sections 
of  the  whole  seed  may  be  cut  dry  and  examined  first  in  alcohol  and  then 
after  adding  water.  Surface  preparations  of  the  seed  or  fragments  of 
the  hulls  may  be  picked  out  with  forceps  from  the  cake  and  examined 
without  treatment,  noting  the  color,  the  nature  of  the  markings  if'pres- 

*  Landw.  Vers.-Stat.  1898,  60,  449. 

2  J.  Bot.  1893,  7. 
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cnt,  the  size  of  the  palisade  cells  and  the  ratio  of  lumen  to  cell  wall,  and 
the  formation  of  the  mucilage,  if  evident.  The  residues  of  the  cake 
after  extraction  with  ether  or  gasoline  or  else  the  crude  fiber  may  also  be 
examined. 

The  tables  showing  the  general  characters  of  the  group  are  designed 
as  a  guide,  supplementing  the  description  under  each  seed.  In  some 
cases  where  the  distinctions  are  fine  or  unsatisfactory,  positive  identifica¬ 
tion  may  not  be  possible  without  knowledge  of  some  of  the  circum¬ 
stances  pertaining  to  the  material,  such  as  the  place  of  growth  or  market 
conditions.  The  group  is  a  difficult  one;  excepting  the  mustards  it  is 
comparatively  little  known  in  the  United  States,  although  of  much 
importance  in  Europe,  India,  and  other  parts  of  Asia. 

COMPARATIVE  CHEMICAL  COMPOSITION.— Seeds  of  the 
same  species  differ  so  widely  in  fat  content  and  the  ratio  of  fat  to  pro¬ 
tein  as  to  render  classification  on  either  basis  difficult.  Rape  seed  is  in 
general  the  richest  in  fat  and  the  poorest  in  protein  of  the  Brassica 
group,  but  some  of  its  varieties  do  not  show  these  characteristics  in 
marked  degree. 

Forster  in  his  monograph  on  rape  cake  ^  states  that  the  larger  the 
seed  the  richer  in  fat,  the  smaller  the  seed  the  richer  in  protein.  It 
seems  also  probable  that  the  rule  can  be  extended  to  include  fiber,  which 
is  higher  in  the  smaller  and  lower  on  the  larger  seeds.  The  rule  thus 
extended  in  the  case  of  protein  and  fiber  appears  to  depend  in  large  part 
on  t  he  percentage  of  hulls  in  the  whole  seed  which  decreases  as  the  seed 
increases  in  size.  As  regards  protein  this  explanation  does  not  hold, 
as  the  hulls  contain  less  protein  than  the  whole  seed. 

It  would  seem  that  Forster’s  rule  should  apply  in  comparing  seeds  of 
different  species,  at  least  of  the  genus  Brassica,  and  it  does  appear  to 
applv  to  seeds  of  common  rape,  German  rape,  and  black  mustard,  the 
maximum  diameters  of  which  are  respectively  2.5,  2.2,  and  1.7  mm.  It 
does  not  apply,  however,  to  seeds  if  white  mustard,  reaching  3  mm.  in 
diameter,  is  included  in  the  comparison,  since  the  protein  content  of  this 
exceptionally  large  seed  is  nearly  as  high  as,  and  the  fat  content  actually 
lower  than,  those  of  the  small  seed  of  black  mustard;  hence  the  rule 
must  be  limited  to  seeds  of  the  same  species  and  perhaps  of  the  same 

variety.  .  , 

Regardless  of  size,  high  fat  is  usually  associated  with  low  protein  and 

fiber  and  vice  versa.  The  average  fat  content  of  rape  seed  is  more  than 
(lout)le  the  average  protein  content  while  the  average  fat  content  of  black 
mustard  is  only  about  20  per  cent  higher  than  the  average  protein  con¬ 
tent.  Individual  analyses  show  much  greater  spreads. 

*  Landw.  Vers.-Stat.  1898,  60,  385. 
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V  Proteins. — The  chief  protein  of  seeds  of  the  family  appears  to  be  a 

F  globulin  but  data  are  exceedingly  limited. 

Fixed  Oil. — Studies  of  values  and  composition  have  been  confined 
t  chiefly  to  common  and  German  rape  and  it  is  often  uncertain  which  seed 
furnished  the  oil.  The  figures  given  under  common  rape  are  tenta- 
■  tively  considered  as  applying  to  both.  The  iodine  number  varies  both 
!  sides  of  100.  The  chief  acid,  amounting  to  nearly  60  per  cent  of  the 
total  acids,  is  erucic. 

Pungent  Principles. — The  discovery  of  the  myrosin  cells  in  seeds  of 
certain  species  of  Brassica  marks  a  beginning  in  the  correlation  of  micro¬ 
scopic  phenomena  and  chemical  changes  taking  place  in  the  seeds,  on 
moistening,  through  the  action  of  the  ferment  myrosin.  Acting  on 
sinigrin  or  potassium  myronate  (present  in  most  mustards  except  white) 
allyl  isothiocyanate  or  volatile  mustard  oil  is  formed;  acting  on  sinalbin 
(present  in  white  mustard)  sinapin  acid  hydrosulphate,  glucose,  and 
sinalbin  mustard  oil  are  formed.  Of  these  products,  volatile  mustard 
oil  and  sinalbin  mustard  oil  are  pungent. 

Since  the  presence  of  pungent  principles  in  considerable  amount 
unfits  a  seed  or  cake  for  cattle  feeding,  only  those  seeds  are  described  in 
this  section  which  contain  them  in  relatively  small  amounts. 

These  constituents  on  the  other  hand,  which  render  the  seeds  objec- 
tionable_  as  cattle  foods,  are  the  very  ones  which  give  the  mustards  value 
as  spices,  hence  those  species  characterized  by  the  presence  of  either 
sinigrm  or  sinalbin  in  considerable  amounts— the  mustards— are  reserved 
or  description  in  Volume  III,  where  also  are  described  the  principles 


black  SAREPTA  or  brown  mustard,  INDIAN 

mustard,  WHITE  MUSTARD,  CHARLOCK 

Descriptions  under  Spices,  Volume  IVI. 

WILD  RADISH 

I 

Raphanus  Raphanistrum  L. 

Fr.  Ravenelle.  It.  Rafano.  Ger.  Hederich. 

{UmpMM  Gmn  specific 

Wett,).  To  add  to  Tho  JnT  ’  FI 

to  the  confusion,  some  botanists  have  held  that 
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Raphanus  sativus  L.,  the  garden  radish,  is  but  a  variety  derived  i^y  culti¬ 
vation,  which  is  further  discussed  under  that  head. 

Wdd  radish  is  a  luiropean  weed  introduced  in  parts  of  the  United 
States,  although  as  yet  it  is  not  abundant.  It  is  said  to  be  especially 
noxious.  Seeds  occur  in  luiropean  oil  cake. 

MACROSCOPIC  STRUCTURE. — \\  ild  radish  floioers  are  pale 
yellow,  becoming  lighter  and  often  purplish.  Unlike  that  of  the  garden 
radish,  the  long,  tapering,  beaked,  and  indehiscent  pod  is  so  deeply 
constricted  as  to  break  into  several  one-seeded  joints.  The  seeds 
resemble  somewhat  those  of  white  mustard  but  are  larger  (up  to  4  mm.) 


more  ellipsoidal,  and  of  a  reddish  yellow  color.  They  are  very  indis¬ 
tinctly  reticulated  under  a  lens. 


MICROSCOPIC  STRUCTURE. — Gram  ^  finds  the  structure  of  the 
spermoderm  and  endosperm  to  be  as  follows: 

Spermoderm. — All  four  layers  of  a  normal  cruciferous  seed  are  repre¬ 
sented:  (I)  Older  epiderm  with  broad  but  low  cells  without  visible 
mucilage,  (2)  subepiderm  of  two  layers  of  thin- walled  cells  as  large  as 
those  of  the  epiderm,  (3)  palisade  cells  with  breadth  of  lumen  about 
ecjualing  or  exceeding  that  of  the  double  walls  and  thickened  inner  and 
radial  walls  of  irregular  height  forming  a  network,  and  (4)  parenchyma. 
Chief  Structukal  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — An  analysis  of  the  seed  as  given  by 
Dietrich  and  Konig  ^  follows: 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

7.12 

% 

23.00 

% 

25.50 

% 

22.17 

% 

10.13 

% 

11.42 

Fatty  Oil.— The  following  figures  are  due  to  Grimme:^  specific 
gravity  at  15°  C.  0.9186,  refractive  index  at  25°  C.  (recalculated)  1.4704, 
solidifying  point  -13  to  -14°  C.,  saponification  number  176.0,  iodine 
number  105,  ester  number  160,  fatty  acids  94.33  per  cent,  acid  number 
16.0  (equivalent  oleic  acid  8.5  per  cent),  and  solidifying  point  of  fatty 

acids  11  to  12°  C. 


^  Landw.  Vers.-Stat.  1898,  60,  449. 

2Zusam.  Verd.  Futterm.  1891,  1,  570. 

3  Chem.  Rev.  Fett-Harz-Ind.  1912,  19,  102. 
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CHINESE  RADISH 

Raphanus  sativus  L.  var.  oleiferus  Reichenb. 

Ger.  Chinesischer  Oelsenf. 

This  variety  of  the  common  or  garden  radish  has  been  given  various 
specific  and  varietal  names  under  the  genus  Raphanus.  It  is  grown  as 
an  oil  seed. 

Harz  1  finds  that  the  seed  (up  to  4.5  mm.)  is  somewhat  larger  than 
that  of  the  garden  radish  but  otherwise  has  the  same  general  and  micro¬ 
scopic  structure  as  both  the  garden  and  wild  radish. 

CHEMICAL  COMPOSITION. — The  following  analyses  of  the  seed 
and  cake  on  the  water-free  basis  are  given  by  Dietrich  and  Konig:^ 


Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Seed: 

% 

% 

% 

% 

% 

I . 

19.85 

32.65 

45. 

72 

3.78 

II . 

26.44 

50.05 

19. 

55 

3.96 

Cake . 

38.04 

8.09 

35.17 

8.59 

10.11 

ROCKET 

Evuca  saliva  Lam.  =  Bvassica  Eruca  L. 

Fr.  Roquette.  It.  Ruchetta.  Ger.  Rauke. 

Although  cultivated  for  salad  and  greens  in  southern  Europe  espe¬ 
cially  m  France,  rocket  grows  as  a  weed  in  Europe,  in  India,  and ’(spar¬ 
ingly)  in  America,  and  the  seeds  occur  in  rape  cake 

MACROSCOPIC  STRUCTURE.-The  pods  varv  un  to  9  r;  „  , 

one-third  being  beak.  The  ellipsoidal  aee*  are  usually  alt 

reddish  yellow,  or  mottled,  smooth,  about  2  mm  long  As  in  the’ m 

tards  the  cotyledons  are  conduplicate  ® 

’  Samenkunde.  Berlin,  1885,  n  04^^  st  , 

=  Zusam.  Verd.  Futtcrm.  1891,'  1  570  "i'  1898,  60,  449. 

’  ’  *8:,menkunde.  Berlin,  1885,  |,.  943, 
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The  outer  cpiderm  contains  mucilage  with  a  central  column.  In 
surface  view  each  cell  appears  to  be  thick-walled  owing  to  a  margin  on 
the  outer  walls.  The  suhepiderm  is  lacking  or  of  compressed  cells. 
Palisade  cells  of  the  rape  type  with  inner  portion  thick-walled  (lumen 
about  equaling  the  double  walls)  form  the  third  layer;  these  as  well  as 
the  contents  of  the  inner  parenchyma  are  colored  brown,  varying  in 
shade. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION.— Hals  and  Gram,i  who  have  studied 
the  composition  of  the  seed  and  cake,  state  that  the  oil  is  used  as  a  salad 
oil  in  southern  luirope  and  the  cake  for  cattle  food  in  Norway.  The 
average  of  4  of  their  analyses  of  the  cake  follows: 


Composition  of  Rocket  Cake  (Hals  and  Gram) 


tN'ater 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

10.53 

39.50 

2.53 

29.85 

8.74 

8.85 

Harz-  states  that  the  oil  content  ranged  from  30  to  33  per  cent. 

Fatty  Oil. — Grimme,^  who  found  by  ether  extraction  32.2  per  cent  of 
oil  in  the  seed,  gives  the  following  values  of  the  product  thus  obtained: 
specific  gravity  at  15.5°  C.  0.9198,  refractive  index  at  25°  C.  (recalcu¬ 
lated)  1.4705,  solidifying  point  -8  to  -10°  C.,  saponification  num¬ 
ber  175.4,  iodine  number  101.8,  ester  number  171.4,  fatty  acids  94.24 
per  cent,  acid  number  3.0  (equivalent  oleic  acid  1.51  per  cent),  and 
solidifying  point  of  fatty  acids  8  to  10°  C.  In  commercial  samples  of 
the  oil  the  iodine  number  ranged  from  96.8  to  106.8  and  the  acid  num¬ 
ber  from  2.6  to  8.6. 

PALAI 


Brassica  rugosa  Train. 


According  to  Prain,  other  Indian  names  for  this  plant  are  palangi, 
pahari-nli,  badisha-lai,  and  bhotiya-lai.  It  is  cultivated  chiefly  in 
Nepal  where  more  commonly  the  leaves  are  utilized  for  food  than  the 

seeds  for  oil.  . 

Vilmorin  refers  to  it  as  “  Chinese  cabbase-leaved  mustard.  It  is 

said  to  have  been  introduced  from  Thibet.  Prain  considers  it  a  sub- 

>  I,andw.  Vers.-Stat.  1909,  70,  307.  “  Pharm.  Ztg.  1912,  67,  520. 

2  Samenkunde.  Berlin,  1885,  p.  944. 
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species  under  B.  juncea  Hook.  f.  et  Thom,  and  suggests  that  it  may  bo 
the  variety  grown  extensively  by  the  Chinese  for  the  leaves  which  are 
dried  in  the  sun  and  eaten  with  rice. 

MACROSCOPIC  STRUCTURE. — In  each  two-valved,  short-beaked 
pod  (up  to  3.8  cm.)  are  borne  seven  to  ten  seeds  which  vary  greatly  in 
size  up  1.7  mm.  and  have  fine  but  distinct  reticulations  visible  under  a 
lens. 

MICROSCOPIC  STRUCTURE. — Kinzel  ^  found  this  seed  to  be  the 
only  one  of  the  genus  grown  in  India  with  cellular  structure  evident  in 
the  outer  epiderrn,  also  that  the  palisade  layer,  after  treatment  with  acid 
and  alkali,  is  of  a  more  brown-yellow  color  than  others  of  the  genus. 
Meshes  up  to  150  ji  are  formed  by  the  variation  in  height  of  the  palisade 
cells  which  range  up  to  20  u  in  tangential  diameter,  the  lumen  usually 
being  narrower  than  the  double  walls.  Cross  sections  show  that  the 
radial  walls  of  the  palisade  cells  pass  into  threads  in  the  outer  portion. 

Chief  Structural  Characters. — See  tables. 


DISSECTED  MUSTARD 


Brassica  dissecta  Boiss.  =  Sinapis  dissecta  Lagasca. 


This  seed  is  grown  for  oil  in  southern  Russia  and  occurs  as  an  impurity 
in  linseed,  linseed  cake,  and  rape  cake  from  that  region.  It  is  closely 
related  to  white  mustard  and  may  be  merely  a  brown  seeded  form  of  the 
same  species,  bearing  the  same  relation  to  the  white  form  as  brown 
sarson  does  to  white  or  yellow  sarson. 


MACROSCOPIC  STRUCTURE. — The  seed  closely  resembles  that 
of  white  mustard,  the  chief  difference  being  that  it  is  duli  red-brown  and 
has  somewhat  more  distinct  reticuiations  visibie  under  a  iens. 


MICROSCOPIC  STRUCTURE.-Gram^  and  Burchard^  give  cuts 
showing  the  structure  and  Bohmer-*  reproduces  Gram’s  cuts.  Kinzei^ 
corroborates  Burchard’s  statements.  Ali  appear  to  agree  that  the  oniy 
matcriai  difference  from  white  mustard  is  the  presence  of  brown  coioring 
matter  m  the  thickened  portion  of  the  wails  of  the  palisade  layer  and  the 
contents  of  the  pigment  cells,  aiso  the  more  unequai  height  of  the  paiisade 

ce  s  producing  a  dark  network  in  surface  mounts  and  the  reticuiations 
seen  on  the  seed  under  a  lens. 


Chikp  Structural  Characters.— See  tabies. 


‘  Landw.  Vers.-Stat.  1899,  62,  169. 

^  Ibid.  1898,  60,  449. 

J.  Landw.  1894,  42,  125. 
Kraftfuttermittel.  Berlin,  1903,  p.  426. 
Landw.  Vers.-Stat.  1899.  62,  169. 
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TORI  OR  BROWN  INDIAN  RAPE 


Brassica  Nnpm  L.  var.  dicholoma  Prain. 


This  plant  is  grown  in  northern  Bengal  and  adjoining  provinces  for 
oil  production  and  to  some  extent  as  a  leaf  vegetable.  Cake  from 
the  seed  is  rare  in  European  commerce. 

MACROSCOPIC  STRUCTURE. — Including  the  beak  (1.5  cm.)  the 
two-valved  pods  vary  up  to  5.5  cm.  in  length.  The  small  dark  brown 
seeds  vary  greatly  in  size.  One  of  Train’s  samples  marked  “  Lutni  ”  from 
the  province  Chota  Nagpur  had  seeds  up  to  2.2  mm.  in  diameter;  another 
marked  “  Bhunri  ”  up  to  only  1.8  mm.  Both  appeared  finely  granular 
but  not  reticulated  under  a  lens. 

MICROSCOPIC  STRUCTURE. — No  cellular  structure  is  evident  in 
the  outer  epiderm  and  suhepiderm  in  cross  sections  mounted  in  water, 
although  on  heating  with  sodium  hydroxide  the  cells  may  be  expanded 
so  as  to  show  faint  walls.  The  palisade  cells  are  unequal  in  height, 
forming  a  dark  network  in  surface  view  with  meshes  up  to  125  n  in  diam¬ 
eter.  '  The  individual  palisade  cells  reach  a  maximum  of  25  /x  in  diameter. 
Kinzel  ^  states  that  the  lumen,  as  in  common  rape,  is  broad  and  the  wall 
very  thin.  It  is  generally  true  of  the  variety  Lutni  that  the  lumen  is  as 
broad  or  broader  than  the  double  walls,  but  the  reverse  is  the  rule  in  the 
variety  Bhunri.  His  statement  that  the  alcurone  layer  of  the  endo¬ 
sperm  is  often  two  cells  thick  needs  qualification.  It  is  true  that  in  some 
parts  of  the  seed  the  layer  is  double,  but  this  is  also  true  of  other  species. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION.— An  analysis  by  Werenskiold  ^ 


follows : 


Composition  of  Tori  (Werenskiold) 


% 


Water . 

Protein . 

Fat  (ether  extract) .  . 

N-f.  ext . 

Fiber . 

Ash . 

True  protein . 

Volatile  mustard  oil* 

I.,ecithint . 

Sucrose,  gravimetric. 
Sucrose,  polarimetric 


5.74 
21.00 
41.23 
13.08 
12.52 
6.43 
18.69 
0.32 
2.76 
0.92 
1 .23 


*  Schlicht  method.  t  Schulse  and  Frankland  method. 


1  Landw.  Vers.-Stat.  1899,  62,  169. 

2  Tidskr.  norske  T.iandbr.  1895,  2,  273. 
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Volatile  Mustard  Oil. — Kinzel  ^  in  2  samples  of  the  variety  Lutni 
found  0.24  and  0,56  per  cent  of  volatile  oil  and  in  the  variety  Bhimri 
0.85  per  cent. 

Fatty  Oil. — Crossley  and  Le  Sueur-  obtained  in  the  oil  from  seed 
grown  in  the  northwest  provinces  of  India:  specific  gravity  at  15.5°  C. 
0.9154,  saponification  number  172.2,  iodine  number  104.8,  Reichert- 
Meissl  number  0.22,  Hehner  number  94.6,  and  acid  number  1.57  (equiva¬ 
lent  oleic  acid  0.79  per  cent). 


COMMON  RAPE 

Brassica  Napus  L.  var.  oleifera  D.C. 

Fr.  Navette.  Sp.  Colza.  It.  Colza.  Ger.  Raps. 

It  is  in  the  group  known  as  rapes  or  colzas,  that  is  the  species  and 
varieties  of  Brassica  cultivated  for  oil,  that  the  common  and  scientific 
nomenclature  is  most  confused.  Whether  or  not  it  is  possible  in  the 
case  of  this  genus,  as  of  many  others  of  cultivated  plants,  to  find  the  wild 
parents  of  the  numerous  forms  which  have  been  developed  by  man,  at 
least  a  halt  should  be  called  in  renaming  old  varieties  and  adding  new 
without  a  thorough  study  of  the  whole  genus.  Many  of  the  chemical 

analyses  of  “  rape  oil  ”  are  valueless  because  it  is  impossible  to  learn  the 
botanical  identity  of  the  seed. 

Common  rape  is  extensively  grown  throughout  Europe.  There  are 
Summer  (sub-variety  annua)  and  Winter  (sub-variety  hiemalis)  agri- 

SSum  practically  unknown  in 

agnculture.  Rape  oil  was  once  a  common  illuminant  and  still  is  burned 

m  altar  lainps,  lanterns,  etc.,  although  its  chief  use  is  for  purposes  such 
as  soap-making  where  petroleum  oils  are  not  applicable. 

macroscop'ic"’stStum  ^Si^'^isi  “ 

n'  ‘L  Z’ 

ler  a  lens  of  low  power  the  surface  is  dull  but  not  reticulated  With 
higher  magnification  very  fine  reticulations  are  evident 

MICROSCOPIC  STRUCTURE.— Harz  3  one  nf  ih  n  w 
rape  seed,  obtained  results  since  confirme  1  bv  oth  ■ 

in  c^^r 

layer  (pf,),  but  only  in  -^rvieTanKte^uU^^^^^^^^ 

’  Loc.  cit. 

M.  Soc.  Chem.  Ind.  1898,  17,  989.  '  ^amenkunde.  Berlin,  1885,  p.  932. 
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tion  do  the  outer  cpiderm  {ep)  and  subepiderm  (sub)  show  details  of  their 
thin- walled  cells. 

Characteristic  are  the  uniform  height,  large  size  (up  to  35  n)  and 
relatively  broad  lumens  of  the  palisade  cells.  Because  of  the  even  height 


Fiq.  181.  PiQ.  182. 


Fia.  181. — Common  Rape.  Seed.  XIO.  (A.L.W.) 

Fiq.  182.  Common  Rape.  Seed  in  cross  section.  S  spermodermi  ep  outer 
epiderm,  sub  subepiderm,  pal  palisade  cells,  pig  pigment  cells.  E  endosperm. 
C  cotyledon  showing  acp  outer  epiderm  and  mesojihyl  containing  aleurone  grains 
X160.  (K.B.W.) 


of  the  palisade  cells,  which  Pieters  and  Charles  ^  found  do  not  vary  more 
than  3  p,  reticulations  are  not  evident  under  the  microscope.  The 
breadth  of  lumen  of  these  cells  as  seen  in  surface  view  equals  or  exceeds 


Fig.  183.  Fig.  184. 

Fig.  183. — Common  Riipe.  Seed  in  surface  view.  Spermoderm:  ep  outer 
epiderm,  sub  subepiderm,  pal  palisade  cells,  pig  pigment  cells.  E  endosperm, 
r  outer  epiderm  of  cotyledon.  XlOO.  (K.B.W.) 

Fig.  184. — German  Rape.  Palisade  cells  in  surface  view.  XlbO.  (K.B.W.) 


that  of  the  double  wall.  This  was  first  pointed  out  by  Harz,  who  also 
-  found  that  in  German  rape  (Fig.  184)  the  lumen  is  smaller. 

Endosperm  (Figs.  182  and  183,  E). — As  in  black  mustard. 

Embryo  (Fig.  182,  C;  Fig.  183).— The  general  structure  of  cotyle- 

>  U.  S.  Dept.  Agr.,  Div.  Bot.  1901,  Bui.  29. 
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dons  and  radicle  is  the  same  as  in  other  members  of  the  genus.  Myrosin 
cells  are  less  numerous  than  in  the  mustards. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — The  composition  of  rape  seed  and 
rape  cake  attracted  the  attention  of  early  agricultural  chemists  because 
of  their  high  feeding  value.  Forster  ^  states  that  rape  cake  was  the  first 
residue  of  the  oil-seed  industry  to  be  used  as  a  cattle  food.  At  that 
time  the  production  of  the  seed  in  Europe  was  great  owing  to  the  use  of 
the  oil  as  an  illuminant. 

In  the  United  States  the  rape-seed  industry  has  never  gone  beyond 
the  experimental  stage  and  the  cake  is  practically  unknown  in  agriculture. 

The  summary  below  is  of  22  analyses  compiled  prior  to  1891  by 
Dietrich  and  Konig^  and  was  quoted  by  Forster  in  1898  as  still  valid. 
The  air-dry  material  has  an  average  water  content  of  7.3  per  cent,  but 
the  figures  here  given  are  on  the  water-free  basis. 


Composition  of  Water-Free  Rape  Seed  (Dietrich  and  Konig) 


Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

15.2 

28.1 

21.08 

% 

35.7 

56.2 

48.65 

% 

13.1 

23.9 

19.41 

% 

4.0 

7.1 

6.42 

% 

Max . 

3.2 

9.7 

Aver . 

4.64 

A  comparison  of  the  above  results  with  those  for  the  smaller  seed  of 
German  rape  show  that  the  protein  content  of  rape  seed  is  lower  and  the 
oil  content  higher  in  accordance  with  the  rule  given  by  Forster 

From  the  analysis  of  the  seed  may  readily  be  calculated  the  composi¬ 
tion  of  the  cake  for  any  given  yield  of  oil.  Published  analyses  are  not 
always  consistent  with  such  calculation  because  of  the  presence  of 
iinpurities.  By  pressing,  sometimes  half  of  the  oil  is  left  in  the  cake 
whereas  by  extraction  as  little  as  2  per  cent  of  the  total  oil  may 


Protems  -The  chief  protein  of  mustards  and  rapes  appears  to  be  a 
globulin,  but  our  knowledge  is  limited  to  brief  mention  by  Weyl  3 

Volatile  Mustard  Oil.-Forster '  in  his  monograph  on  rape  cake  has 
compiled  results  on  the  volatile  oil  in  rape  seed  and  rane  cake  T 

'  Landw.  Vers.-Stat.  1898,  60,  371. 

^  Zusam.  Verd.  Futterm.  1891,  2,  1316,  1334 
Z.  physiol.  Chem.  1877,  1,  72. 


452 


OIL  SEEDS 


I 


s  o\v  a  range  of  from  0.047  to  0.30  and  an  average  of  0.123  per  cent 
bince  extreme  figures  were  obtained  by  Forster  himself,  the  variation 
cannot  properly  be  ascribed  to  difference  of  method  or  manipulation 

In  the  cake  the  results  by  Dircks,  Schlicht,  Ulbricht,  and  analysts  at 
the  Dahme  Station  show  a  range  of  from  0.036  to  1.08  and  an  average 
of  0.351  per  cent.  The  highest  percentages  in  both  seed  and  cake  appear 
to  be  due  to  the  presence  of  foreign  cruciferous  seeds  such  as  black  or 
brown  mustard. 

A  lore  difficult  to  explain  than  these  high  results  are  the  exceedingly 
low  results  obtained  by  Ulbricht  and  quoted  by  Forster  in  10  samples  of 
rape  cake  which  ranged  from  0  to  0.043  and  on  single  samples  of  the  cake 
of  black  mustard  and  Indian  mustard  which  were  respectively  only  0.14 
and  0.032  per  cent.  Even  more  remarkable  is  the  fact  that  the  same  10  ■ 
samples  of  rape  cake  on  addition  of  white  mustard  yielded  0.202  to 
0.542  per  cent  and  the  black  and  brown  mustards  0.819  and  1.016  per 
cent  respectively.  It  is  a  common  practice  in  the  mustard  trade  to  mix  ; 
white  mustard  with  black  mustard,  thus  compensating  for  a  deficiency  • 
of  myrosin  in  the  latter,  but  numerous  determinations  by  various  ! 
analysts,  in  both  rape  cake  and  black  mustard  cake  obviously  unmixed  ; 
with  white  mustard,  quoted  elsewhere  in  Forster's  monograph,  are  ' 
strikingly  at  variance  with  the  infinitesimal  amounts  found  by  Ulbricht  '» 
without  addition  of  white  seed.  ' 

It  is  most  unfortunate  that  there  is  a  lack  of  determinations  of  vola-  ‘ 
tile  oil  in  rape  seed  and  rape  cake  proved  by  botanical  analysis  to  be  ; 
absolutely  pure. 

Fatty  Oil.  Physical  and  Chemical  Values. — Since  the  term  rape  oil 
is  loosely  applied  to  the  product  of  both  true  rape  and  German  rape  it 
was  found  impracticable  to  prepare  separate  statements  of  composition.  , 
The  following  limits  apply  to  both  oils: 


Values  of  Rape  Oil  (Compiled) 


Sp.  Kr, 
15.5°  C. 

Refrac¬ 
tive 
index 
25°  C. 

Solidi¬ 

fying 

point 

Maumcn6 

No. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Reichert- 

Mcissl 

No. 

Ilehnor 

No. 

Fatty 

acids, 

titer 

°C. 

°C. 

Min . 

o.ni.i 

1 .1700 

-  12 

49 

170 

95 

0.2 

94 

6 

^lax . 

1.4757 

-5 

()5 

179 

105 

0.4 

90 

IS 

Effects  of  Ageing  in  Gripper  ^  stored  samples  in  closed 

bottles  in  sunlight  for  from  4  to  over  10  years.  Analyses  showed  marked 

1  J.  Soc.  Chem.  Ind.  1899,  18,  342. 
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but  not  uniformly  progressive  changes.  The  values  of  the  fresh  oil  and 
the  oil  after  storage  for  8  years  and  9  months  when  the  maximum  changes 
were  reached  were:  specific  gravity  at  15.5°  C.  0.9140  and  0.9356,  free 
fatty  acids  as  oleic  2.70  and  13.35  per  cent,  saponification  number  177.8 
and  197.2,  iodine  number  99.08  and  63.89,  Reichert-Meissl  number  — 
and  20.2,  and  soluble  fatty  acids  equivalent  to  percentage  of  potassium 
hydroxide  0.39  and  3.48.  These  profound  changes  help  us  to  under¬ 
stand  some  of  the  unusual  values  of  this  and  other  oils  given  in  the 
literature. 

Composition  of  Rape  Oil. — Determinations  of  the  fatty  acids  before 
and  after  hardening  have  been  made  by  Sudborough,  Watson,  Ayyar, 
and  Damle  ^  in  rape  oil  and  by  Sudborough,  Watson,  Ayyar,  and 
IMirchandani  ^  in  Jamba  oil.  Jamba  oil  is  stated  to  be  an  inferior  oil 
obtained  from  a  wild  Indian  rape,  the  values  of  which  fall  within  the 
limits  for  rape  oil  given  above.  The  results  in  percentages  of  the  total 
acids  tabulated  below  should  be  compared  with  those  given  under  Indian 
mustard : 


Rape  Oil 

Jamba  Oil 

Original 

Hardened 

Original 

Hardened 

% 

% 

% 

% 

Lignoceric  acid . 

2.4 

2.4 

1.8 

1  8 

Behenic  acid . 

0.5 

57.6 

4.5 

50.8 

Stearic  acid . 

1.6 

38.5 

4.2 

47.4 

Myristic  acid . 

1.5 

1.5 

Erucic  acid . 

57  2 

Aa  0 

Oleic  acid . 

20  2 

40 . 0 

00  'T 

Linolic  acid . 

14  5 

^0.  i 

10  A 

Linolenic  acid .... 

2.1 

2.1 

ICO.O 

100.0 

100.0 

100.0 

Scrois.— In  the  ether  extract  of  rape  cake  StellwaagS  found  3  29  per 
cent  of  unsaponifiable  matter.  The  sample,  however,  contained  13  48 
p  r  cent  of  free  fatty  acids  and  the  oil  was  not  representative.  Lewko- 
wit^h  considers  an  oil  with  over  2  per  cent  as  suspicious 

casterol  (C2sH460  -f  H2O)  melting  at  148°  C.  and  a  phytosterol  resem 
bhng  sistosterol,  melting  at  142°  C.  P  y  1  resem.- 

2  Ibid.  52.  I  Landw.  Vers.-  Stat.  1890,  37,  135. 

Ber.  1906,  39,  4378;  1909,  42,  612. 
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Carbohydrates— Determinations  by  Hellriegel  ^  of  sugar,  tannin, 
etc.,  in  air-dry  Winter  rape  showed  7.7  per  cent  and  of  gums  (?)  16.2 
per  cent.  Fleury  ^  found  in  W^inter  rape  7.23  per  cent  of  sugar,  dextrin, 
and  gum,  and  7.72  per  cent  of  other  nitrogen-free  constituents.  See 
Forster’s  monograph.^ 

Phosphorus-Organic  Compounds.  Lecithin. — Stellwaag  ^  found  6.99 
per  cent  of  lecithin  in  the  ether  extract.  Soxhlet  (quoted  by  Forster), 
however,  reported  only  traces. 

Phytin. — See  Indian  Mustard. 

Mineral  Constituents. — The  following  is  a  summary  of  13  analyses 
of  the  ash  of  common  rape  by  Wolff. ^  Analyses  of  German  rape  by  the 
same  author  show  a  similar  composition: 


Composition  of  Rape  Seed  Ash  (Wolff) 


.Ash 

K.,0 

Na,0 

CaO 

MgO 

1  e203 

P2O6 

SO, 

SiO, 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min . 

3.36 

21.34 

0.00 

10.40 

6.57 

0.63 

35.57 

0.00 

0.00 

0.00 

Max . 

5.19 

29.49 

8.23 

17.30 

15.55 

3.32 

47.49 

9.41 

5.99 

0.83 

Aver . 

4.44 

24.60 

1.63 

14.18 

11.80 

1.66 

42.33 

2.39 

1.42 

0.16 

*  In  dry  seed. 


Minor  Mineral  Constituents.  Iron. — Seed  59  mg.  pier  kilo,  dry  basis 
(McHargue).” 

Manganene. — Seed  40  mg.  per  kilo,  dry  basis  (McHargue).® 


GERMAN  RAPE 

Brassica  Rapa  L.  var.  oleifera  D.C. 

Fr.  Rabette.  Ger.  Riibsen. 

This  variety  is  also  known  as  the  turnip  rape  inasmuch  as  it  doubtless 
had  the  same  origin  as  our  ruta  baga  and  is  classed  as  a  variety  of  the 
same  species.  Like  common  rape  there  are  Summer  (sub-variety  annua) 
and  Winter  (sub-variety  hiemalis)  agricultural  varieties.  It  is  grown 
in  various  parts  of  Europe  for  oil  production,  and  the  cake  is  used  in 
feeding.  In  the  United  States  a  variety  known  as  dwarf  Essex  rape 
is  cataloged  as  a  cover  crop  and  for  Fall  forage  of  sheep  and  swine. 

*  Loc.  cit. 

®  Aschenanalysen  1880,  p.  160. 

®  J.  Agr.  Res.  1923,  23,  395. 


1  Chem.  Ackersm.  1861,  94. 

2  Ann.  chim.  phys.  1865  (4),  IV,  38. 

3  Loc.  cit. 
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MACROSCOPIC  STRUCTURE. — Compared  with  common  rape 

the  seed  is  smaller  and  has  evident  reticulations. 

MICROSCOPIC  STRUCTURE. — As  was  first  brought  out  by  Harz,^ 
the  structure  differs  from  that  of  common  rape  chiefly  in  breadth  of  lumen 
of  the  palisade  cells.  In  common  rape  the  lumen  is  broad  (Fig.  183,  pal), 
equaling  the  double  walls;  in  German  rape  (Fig.  184)  it  is  narrower 
than  the  double  walls. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — A  comparison  of  the  following 
summary  of  analyses  of  German  rape  seed  compiled  by  Dietrich  and 
Konig^  with  the  corresponding  summary  of  rape  seed  shows  much 
higher  percentages  of  protein  and  lower  percentages  of  fat,  the  differ¬ 
ences  being  in  accord  with  Forster's  observation  on  the  relation  of  size  of 
seed  to  protein  and  fat  content: 


Composition  of  Water-free  German  Rape  Seed  (Dietrich  and  Konig) 


Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

12  2 

% 

25.4 

45.7 

tlR  A 

% 

% 

9.2 

% 

Max . 

27  6 

3.6 

Aver . 

22.2 

26.6 

10.9 

10.8 

5. 1 

- - - - 

OD  .  ‘k 

4.1 

No  marked  differences  in  composition  between  rape  and  German 
rape,  other  than  those  shown  in  the  summary  of  proximate  analyses 
have  been  established.  Commercial  rape  oil  may  be  made  from  one  or 

to  "both''  ^  constants  given  under  rape  oil  applies 

SARSON 

Brassica  campestru  L.  var.  Sarson  Prain  =  Sinapis  glauca  Roxb, 

Indian  colza,  the  name  sometimes  applied  to  this  species  is  mis 

vei?n"®  fT  wLe  or  better 

ties,  Z::: yeuow-se^ded  vane- 

use  the  native  names  for  all  the  Indian  rapes, 

yellof  iXn  tp“CeenT^^^^^^^  “T  P 

white  mustard.  Viehoever,  Clevenger  Tnd  “  adulterant  of 

■  Samenkunde.  Berlin,  1885,  p.  938.  ""  Chinese 

'Zu^m.  Verd.  Fntterm.  1891,  2,  1316,  1334 
J.  Agr,  Re.s.  1920,  20,  117. 
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rape,  imported  into  the  United  States  during  the  .war,  that  is  similar  if 
not  identical  with  sarson. 


Sarson  cake  is  well  thought  of  in  Europe  as  a  cattle  food. 
MACROSCOPIC  STRUCTURE. — The  pod  has  a  conical  beak  less 
than  half  its  length  and  is  either  upright  or  pendant,  the  latter  being  the 
longer  (maximum  8  cm.).  Normally  it  is  two-valved  and  two-celled 
but  it  may  have  in  addition  one  or  two  false  valves.  As  many  as 
eighty  seeds  may  be  present  in  a  pod. 

The  seed  in  most  varieties  is  yellow,  closely  resembling  white  mus¬ 
tard  in  color,  size,  and  the  absence  of  distinct  reticulations.  The 
following  are  the  maximum  diameters  obtained  by  the  writers  in  6  of 
Prain’s  samples  of  yellow  sarson  from  the  provinces  of  Bengal  and 
Bihar:  Seti  Sarishil  2.4  inrn.,  Piarki  Tori  2.8  mm.,  Piarka  Tora  3.0  mm., 
Jauda  Sarson  2.0  mm.,  Natua  Sarson  2.3  mm.,  Ulti  Sarson  2.5  mm. 
These  measurements  are  in  harmony  with  Kinzeks  average  weights. 
Most  of  the  samples  contained  a  few  brown  seeds.  Duthie  finds  that 
yellow  and  brown  seeds  may  occur  on  the  same  plant. 

One  of  Train’s  samples,  Lalka  Tora  from  the  province  of  Bihar,  is  of  a 
clear  brown  color,  lighter  than  ordinary  brown  mustards  and  rapes. 
The  maximum  diameter  of  the  remarkably  uniform  seeds  is  3  mm. 

MICROSCOPIC  STRUCTURE. — Kinzel  ^  has  correctly  observed 
that  none  of  the  varieties  shows  cellular  structure  in  the  outer  epiderm 
and  suhepiderm  in  cross  section.  Measured  in  surface  mounts  the  pal¬ 
isade  cells  vary  in  diameter  up  to  over  30  /x,  the  double  walls  equaling  or 
exceeding  the  lumen  in  breadth.  Only  in  Piarki  Tori  was  a  network 
evident  and  this  was  indistinct. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION.— An  analysis  by  Werenskiold  ^ 

follows: 

Composition  of  Sarson  (Werenskiold) 

% 


.  5.14 

.  22.00 

Eat  (ether  extract) . 

.  44.44 

.  10.05 

.  14.74 

. 

.  3.65 

. .  18.56 

.  0.51 

....  3.75 

.  0.79 

oUCrOSt.;^  . . 

Sucrose,  polarimetric . 

.  0.99 

*  Sclilicht  method.  t  Schulze  and  Frankland  method. 


1  Lantlw.  Vers.-Stat.  1899,  62,  169.  ^Tidskr.  norske  Landbr.  1895, 
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Volatile  Mustard  Oil. — Cultivated  varieties  from  different  Indian 
provinces,  examined  by  Kinzel,^  yielded  the  following  percentages  of 
volatile  mustard  oil: 


Seti  Sarishd .  0.68 

Piarki  Tori .  0.75 

Piarka  Tora .  0.79 

Jauda  Sarson .  0.64 

Makhan  Dhana  Sarisha .  0.64 

Natua  Sarson .  0.63 

Ulti  Sarson .  0 . 81-0 . 88 

Lalka  Tora .  0.56 


Ulbricht  (quoted  by  Forster)-,  in  3  samples  of  press  cake  from 

“  B.  glauca,”  found  0.77,  0.82,  and  1.02  per  cent  of  volatile  mustard 
oil. 

Fatty  Oil.  Crossley  and  Le  Sueur  ^  found  in  oil  from  seed  grown  in 
the  northwestern  provinces  of  India:  specific  gravity  at  15.5°  C.  0.9142, 
refractive  index  at  25°  C.  (recalculated)  1.4707,  polarization  in  200-mm! 
tube  -10,  saponification  number  171.4,  iodine  number  97.7,  Reichert- 
Meissl  number  0.67,  Hehner  number  95.0,  and  acid  number  1.78  (equiva¬ 
lent  oleic  acid  0.89  per  cent). 


CHINESE  RAPE 

Brassica  campestris  L.  var.  chinensis  Ito  =  B.  chmensis  L. 

This  species,  according  to  M.  Kondo,'*  to  whom  we  are  indebted  for 
our  knowledge  of  the  morphology  and  histology  of  the  seed,  is  one  of  the 
most  important  cultivated  plants  of  Japan  and  China.  Most  of  the 

isTrown  fo7d  vegetables,  but  abura-na 

sz:;, ,  0,17“'  •'»  ‘I*" 

MACROSCOPIC  STRUCTURE.-The  seeds  are  groiiped  according 

(2)  ovoid  globular  {Tschosen-ahura-na,  Sankei-abura-na), 

shaped  with  a  short  beak 

All  the  abura-na  varieties  have  moderatelv  di«fi'T.nf 
reticulations  (58  to  64  u.)  Some  nf  •  I*  ^  medium  large 

2  Landw.  Vers.-  Stat.  1898,  60,  371. 

^  J.  Soc.  Chem.  Ind.  1898,  17,  989. 

*  Ber.  Ohara  Inst,  landw.  Forsch.  1917^  125 
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reticulations  (49  /x).  The  color  of  the  ahura-na  seeds  when  fully  ripe  is  J 
usually  deep  black.  One  thousand  ot  the  seed  weigh  from  2.78  to  3.73  ' 
grams,  according  to  the  variety.  The  range  in  length  is  from  1.6  to  i 
2.3  mm. 

i 

MICROSCOPIC  STRUCTURE.  Spermoderm. — The  epiderm  and  ‘ 
subepiderm  in  cross  section  form  thin,  apparently  structureless  bands.  ' 
This  applies  to  all  the  varieties  examined  by  Kondo.  The  palisade  cells 
as  seen  in  cross  section  have  luinens  about  equaling  in  width  the  double 
walls,  the  latter  being  impregnated  with  brown  coloring  matter.  The  ‘ 
pigment  layer  consists  of  collapsed  brown  cells  .with  thin  indistinct  ' 
membranes. 

The  Endosperm  consists  of  a  single  layer  of  oil  cells  and  a  collapsed  ■ 
thin-w’alled  tissue  appearing  structureless  in  cross  section.  j 

Because  of  lack  of  certain  data  seeds  of  this  species  are  not  listed 
with  other  cruciferous  seeds  in  the  tables. 

CHEMICAL  COMPOSITION. — Because  data  on  the  composition 
of  the  whole  seed  are  lacking,  an  analysis  of  the  cake  by  Yoshimura  and 
Fujise  *  is  here  given.  The  cake  contained  10.84  per  cent  of  water; 
the  dry  matter  contained  as  follows: 

CoMPOsiTio.v  OF  Chinese  Rape  (Yoshimura  and  Fujise)  * 


(Dry  basis) 


Protein 

—  t 

Fat 

N-f.  ext.* 

Asli 

% 

38.44 

% 

13.47 

% 

30. 40 

% 

11.03 

*  Iiioludps  fib*T. 


Bases. — From  a  warm  water  extract  of  the  cake  the  same  authors 
obtained  small  amounts  of  adenine,  arginine,  choline,  and  betaine. 
Oil.— Values  of  the  authentic  oil  are  not  at  hand. 

Toyama  ^  states  that  about  65  per  cent  of  the  oil  is  erucic  acid  and 
less  than  2  per  cent  saturated  acids  consisting  of  palmitic  acid  with 
probably  stearic,  behenic,  lignoceric,  and  arachidic  acids.  Linolenic,^ 

linolic,  and  oleic  acids  were  shown  to  be  present. 

Mineral  Constituents.— The  ash  of  the  cake  examined  by  Yoshimura 

and  Fujise^  contained  (recalculated):  J- 

i.J.  Chem.  Soc.  Japan,  1924,  46,  42. 

2J.  Chem.  Ind.  Japan,  1922,  26,  1044.  C 
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Composition  of  Ash  of  Chinese  Rape  Seed  Cake  (Yoshimura  and  Fujise) 


K20 

Na20 

CaO 

MgO 

Fe-^Os 

Mn203 

P2O5 

CO 

0 

ai 

SiOa* 

Cl 

CO2 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

11.61 

6.45 

5.50 

7.14 

8.51 

trace 

22.87 

5.76 

3.18 

0.09 

28.89 

*  Includes  sand. 


HEDGE  MUSTARD 

Sisymbrium  officmale  (L.)  Scop.  =  Erysimu7n  officinale  L. 

Fr.  Tortelle.  Sp.  Erisimo.  It.  Sisimbro.  Ger.  Eisenkraut. 

Herba  Sisymbrii  (S.  officinale  Scop.)  is  officinal  in  the  pharmaco¬ 
poeias  of  several  countries  and  is  a  household  herb.  It  is  a  roadside 
weed  described  by  Gram  ^  because  of  the  possible  occurrence  of  its  seed 
in  rape  cake,  although  he  expressly  states  he  has  not  found  it  there. 

MACROSCOPIC  STRUCTURE. — The  li'ght  brown  elongated  seeds 
with  incumbent  cotyledons  resemble  those  of  false  flax  in  form  and  color¬ 
ing  but  are  on  a  much  smaller  scale  (maximum  length  1.3  mm.). 

MICROSCOPIC  STRUCTURE.— Gram  shows  the  outer  epiderm 
with  the  mucilage  in  the  cells,  each  with  an  axial  cylinder,  or  escaped  as 
a  cone,  the  palisade  cells  with  thickening  only  at  the  inner  end,  and  the 
inner  parenchyma  with  brown  contents. 

Chief  Structural  Characters.— See  tables. 


lUMBLING  MUSTARD 

Sisymbrium  altissimum  L. 

This  weed  is  one  of  the  worst  in  Minnesota  and  North  Dakota 

stotes^that  u' neighboring  provinces  of  Canada.  Dewey  ^ 
states  that  it  is  disseminated  in  grass  seed  and  hay  ^ 

of  “T.  "li'r 

t.rt,  Iht  K  L?" 

truncated.  ^  ‘  more  or  less 

MICROSCOPIC  STRUCTUPF _ at 

Landw.  Vers-Stat.  1898,  60,  449.  musra.d 

*  U.  S.  Dept.  Agr.  Div.  Bot.  1890,  Circ.  7. 
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from  Europe.  L:tich  outer  epidermal  cell  has  mucilage  about  a  central 
column  which  often  bursts  from  the  cell  as  a  short  cone.  The  palisade 
cells  in  cross  section  show  little  thickening,  even  at  the  inner  end  where 
the  wall  is  brown.  In  surface  view  they  appear  thin-walled,  the  maxi¬ 
mum  diameter  reaching  30  /i. 

Chief  Stuuctuual  (Tiauacteiis.— See  tables. 

CHEMICAL  COMPOSITION. — No  proximate  analyses  of  either 
hedge  or  tumbling  mustard  are  available,  but  Ivanov  and  Troitzkii  ^ 
obtained  the  following  figures  on  the  physical  and  chemical  values  of  the 
oil  from  the  seeds  of  two  other  species  grown  in  middle  Russia: 


Oil  in 
seed 

Saponifica¬ 
tion  No. 

Iodine 

No. 

Acid 

No. 

Sisymbrium  laselli  L . 

Sisymbrium  Sophia  L . 

% 

33.0 

28.7 

183.29 

141 .3 

142.4 

1.34 

3.10 

HARE’S  EAR 

Erysimum  orientale  R.  Br.  =  Conringia  orientalis  (L.)  Dumort. 

Ger.  Schottendotter. 

Treacle  mustard  or  hare’s  ear  is  quite  widely  distributed.  Beal- 
reports  its  occurrence  in  Michigan  and  Selby ^  in  Ohio.  The  writers 
have  found  seeds  in  screenings  from  the  northwestern  hard  wheat  dis¬ 
trict  of  the  United  States.  Gram  ^  states  that  he  has  detected  the  seed 
in  Indian  and  European  rape  cake. 

MACROSCOPIC  STRUCTURE. — The  elongated  pods  are  four¬ 
sided  and  the  valves  are  keeled.  The  seeds  (Fig.  185)  with  incumbent 
cotyledons  are  dark  brown,  irregularly  ellipsoidal,  up  to  2.8  mm.  long 
and  about  half  as  broad,  and  indistinctly  striate,  the  striations  some¬ 
times  obscured  by  transverse  wrinkles.  The  spermoderm  conforms  to 
the  shape  of  the  embryo. 

MICROSCOPIC  STRUCTURE.— Gram  ^  shows  the  seed  in  cross 

section  and  surface  view.  Our  results  corrobate  his. 

Spermoderm  (Fig.  186,  .S).— Only  three  layers  are  visible:  (1)  outer 
epiderm  (ep)  of  broad  (up  to  80  m)  but  low  cells,  with  large,  radially 

^  Masloboino  Zhirovoe  Delo.  1928,  1,  30. 

2  Michigan  Agr.  Exp.  Sta.  1910,  Bui.  260. 

H)hio  Agr.  Exp.  Sta.  1900,  Bui.  176,  330. 

*  Landw.  Vers.-Stat.  1898,  60,  449. 
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elongated  pores  in  the  radial  walls,  containing  mucilage  which  often 
hursts  from  the  cells  forming  blunt-tipped  or  capitate  cones,  (2)  dark 
brown  palisade  cells  {pal)j  up  to  55  yu,  with  strongly  thickened  inner 
walls  and  thin,  much  elongated  radial  walls,  and  (3)  pigment  cells  {pig) 
with  walls  of  a  brown  color. 

The  elongated  pores  in  the  radial  walls  of  the  outer  epiderm  are  very 
characteristic.  As  seen  in  cross  section  the  walls  are  fence-like,  the 
pores  extending  practically  from  outer  to  inner  tangential  walls.  In 
surface  view  instead  of  having  the  typical  beaded  appearance  of  a  porous 


Fig.  185. 


Fig.  186. 


Fig.  185.  Hare’s  Ear.  Seed.  XIO.  (A.L.W.) 
cotyledon  showing  al  aleurone  grains.  X160.  (K.B.W.)  ospern 


Chief  Structural  Characters.— See  tables. 


Barharea  vulgaris  R.  Br.  =  B.  Barbarea  (L.)  MacM  -  Fr,  ■ 

Barbarea  L.  ~  l^ryszmun 

Fr.  Cresson  de  terre.  Ger.  Winterkresse. 

-Id  by  American'Llmetrs^salTd ^ 

u.  S.  Dept.  Agr.  Rep.  Rot.  1886,  p.  92. 
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that  its  occurrencG  as  a  weGd  in  the  vicinity  of  the  large  cities  is  due 
to  its  escape  from  the  gardens.  In  Europe  it  is  a  common  weed  as  well 
as  a  vegetable,  and  Gram  ^  reports  its  occurrence  in  rape  cake.  Selby  ^ 
notes  that  the  seed  is  disseminated  in  grain  as  well  as  in  clover  and 
grass  seed. 

MACROSCOPIC  STRUCTURE. — The  conspicuous  yellow  flowers 
are  followed  by  slender,  short-beaked,  four-sided  pods  up  to  3  cm.  long 
containing  the  irregularly  ellipsoidal,  somewhat  flattened,  dull,  light 
brown  seeds  up  to  1.2  mm.  long  with  accumbent  cotyledons. 

MICROSCOPIC  STRUCTURE. — As  drawn  by  Gram  ^  the  spermo- 
derm  layers  are:  (1)  outer  epiderm  with  mucilage  only  on  the  inner 
surface  of  the  outer  walls,  (2)  suhepiderm  of  large,  often  brown  and  some¬ 
what  thickened  cells,  (3)  large  palisade  cells  with  lumen  several  times 
the  breadth  of  the  double  walls,  and  (4)  inner  parenchyma  with  brown 
contents. 

t'.ach  palisade  cell  contains  a  well-formed  crystal  of  calcium  oxalate. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — No  record  has  been  found  of 
chemical  analyses  of  the  seed  of  winter  cress  or  its  products. 

The  physical  and  chemical  values  of  the  oil  obtained  by  ether 
extraction  from  the  seed  of  the  salad  plant,  known  in  the  southern 
United  States  as  scurvy  grass  {Barharea  prxcox  R.  Br.),  as  found  by 
Grimme,'^  follow:  specific  gravity  at  15°  C.  0.9214,  refractive  index  at 
25°  C.  (recalculated)  1.4732,  solidifying  point  -7  to  -5°  C.,  saponifi¬ 
cation  number  180.0,  iodine  number  137.3,  ester  number  168.3,  fatty 
acids  94.42  per  cent,  acid  number  11.7  (equivalent  oleic  acid  5.85  per 
cent),  and  solidifying  point  of  fatty  acids  21  to  22  C.. 

FALSE  FLAX 

Camelina  sativa  Crntz.  =  Myagrum  sativum  L.  =  Alyssum  sakvum 

Scop.  =  Moenchia  sativa  Roth. 

Fr.  Cam^line.  It.  Cameline.  Ger.  Leindotter. 

other  names  for  this  seed  are  German  sesame  and  dodder  (not  the 
parasite).  For  some  hundreds  of  years  the  plant  has  been  grown  in 
central  ICuropc  but  now  is  an  unimportant  crop  and  the  plant  figures 
chiefly  as  a  weed,  the  seeds  of  which  contaminate  flaxseed,  rape,  an 

other  oil  seeds. 

1  Landw.  Vers.-Stat.  1898,  60,  449. 

2  Ohio  Agr.  Exp.  Sta.  1906,  Bui.  176,  330. 

®  Chem.  Rev.  Fett-Harz-Ind.  1912,  19,  102. 
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Fig.  187. 


Fig.  188. 


The  cold  pressed  oil  from  Russian  seed  is  sometimes  used  as  food; 
the  chief  use,  however,  is  for  technical  purposes. 

MACROSCOPIC  STRUCTURE. — Small  yellow  flowers  and  large 
but  short,  pointed,  margined,  many-seeded  pods  characterize  this  species. 
The  smooth  seed  (Fig.  187)  is  distin¬ 
guished  at  a  glance  from  mustards 
and  rapes  by  its  light  brown  color, 


Fig.  187.— False  Flax.  Seed.  XlO.  (A.L.W.) 

Fig.  188.— False  Flax.  Seed  in  cross  section.  S  spermoderm :  ep  outer  epi- 
derm  showing  muc  escaping  mucilage,  pal  palisade  cells,  p  parenchyma.  E  endo¬ 
sperm.  C  cotyledon  showing  aep  outer  epiderm  and  mesophyl  containing  al  aleurone 
grams.  X160.  (K.B.W.) 


elongation  (up  to  2.3  mm.),  and  the  form  of  the  embryo  with  its  in¬ 
cumbent  cotyledons  to  which  the  spermoderm  conforms. 

MICROSCOPIC  STRUCTURE.— Descriptions  of  this  seed  are  given 
by  several  authors,  who  have 

E 


studied  cruciferous  seeds, 
beginning  with  Harz.^  Ne- 
vinny  ^  and  Van  Pesch  ^  have 
published  special  articles. 

Spermoderm  (Fig.  188,  *8; 

Fig.  189).  Only  three  layers 
are  evident:  (1)  large  outer 
epidermal  cells  (ep)  from  which 
mucilage  (muc)  escapes  in 
water  as  finger-like  cylinders, 

(2)  palisade  cells  (pal),  broad 
(up  to  nearly  100  p)  but  low, 
with  lumen  often  several  times 

the  breadth  of  the  thickened  brown  radial  walls  and  r. 
pcirenchyma  (p).  wans,  and  (6)  compressed 

^  Samenkunde.  Berlin.  188.')  n  Q9^  e 

^z.  Nahr.-Unters.  Hyg.  jIt,'  j  gj.  ^  preliminary  chapter. 

^Landw.  Vers.-Stat.  1892,  41,'  94. 


view^°  ster  surface 

celll'  E  Z  •  Z 

X  160.  (M  w7“-  o'  ooyledon. 
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Highly  characteristic  in  surface  view  are  the  tapering  columns  of 
rnucilagey  each  at  the  base  forming  a  circle  in  the  middle  of  an  outer 
epidermal  cell,  and  the  large  light  brown  palisade  cells,  several  times 
the  diameter  of  the  largest  palisade  cells  of  any  mustard  or  rape,  with 
thick,  double  walls  reaching  20  /x  and  lumens  70  /x. 

Endosperm  (Figs.  188  and  189,  E). — A  single  layer  of  aleurone  cells 
like  those  of  species  of  Brassica. 

Embryo  (Figs.  188  and  189,  C). — The  structure  of  the  embryo  is 
like  that  of  species  of  Brassica  but  the  aleurone  grains  (al)  are  smaller. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — The  composition  of  the  seed  and 
cake  as  compiled  by  Harz  ^  follows: 


Composition  of  P^alse  Flax  (Harz) 


Water 

Protein 

Fat 

N-f.  ext. 

P’il)er 

Ash 

% 

% 

% 

% 

% 

% 

Seed: 

Min . 

7.5 

18.6 

29.4 

17.3 

10.7 

4.5 

Max . 

10.0 

25.9 

31.8 

35.1 

11.5 

9.2 

Cake: 

\T  in 

9  7 

28,5 

8.1 

10.7 

6.0 

\T  Q  V 

15  0 

36.5 

10.3 

12.5 

7.2 

Aver . 

11.8 

33.1 

9.2 

27.6 

11.6 

6.7 

Fatty  Oil. — Grimme  ^  reports  the  following  physical  and  chemical 
values:  specific  gravity  at  15°  C.  0.9224,  refractive  index  at  25°  C. 
(recalculated)  1.4743,  solidifying  point  -16  to  -15°  C.,  saponification 
number  185.8,  iodine  number  135.1,  ester  number  172.6,  fatty  acids  94.1 
per  cent,  acid  number  13.2  (equivalent  oleic  acid  6.64  per  cent),  and 
solidifying  point  of  fatty  acids  15  to  16  C. 


SHEPHERD’S  PURSE 


Capsella  Bursa-pastoris  Moench. 


Sp.  Bolsa  de  pastor. 


It.  Borsa  da  pastore.  Ger.  Hirtentaschel. 


Being  one  of  the  commonest  of  weeds  in  lairope,  where  it  is 
nous  and  in  tho  United  States,  wliere  it  lias  been  introduced,  the  seer  i 
of  freciuent  occurrence  notably  in  rape,  linseed,  and  ot  cr  oi  see  s. 


1  Samenkunde.  Berlin,  1885,  p.  925. 
*Chcm.  Rev.  Fett-Harz-Ind.  1912,  19,  102. 
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MACROSCOPIC  STRUCTURE. — Although  the  small  white  flowers 
are  terminal,  on  ripening,  the  yods  form  a  much  elongated  raceme 
resembling  a  bottle  brush.  Each  pod  varies  up  to  7  mm.  in  length. 
Being  flattened  and  notched  at  the  end,  it  is  purse-  or  inverted  heart- 
shaped.  The  two  boat-shaped  valves  separate  from  the  partition 
releasing  numerous  minute  medium  brown  or  yellow  seeds.  The 
shape  of  the  seeds  is  much  like  that  of  false  flax  but  is  much  smaller,  the 
largest  being  only  1.3  mm.  long.  The  cotyledons  are  incumbent. 

MICROSCOPIC  STRUCTURE. — Gram  ^  shows  the  spermoderm  and 
endosperm  in  cross  section  and  surface  view. 

Spermoderm  (Fig.  190,  S]  Fig.  191). — Three  layers  are  evident:  (1) 
outer  epidermal  cells  (ep)  containing  mucilage  about  a  central  column, 
(2)  yellow-brown  palisade  cells 
{pal)  which  are  broad  (up  to  60 
//)  with  lumens  several  times  the 
breadth  of  the  double  walls,  but 


aep- 

al' 


Fig.  190. 


Fig.  191. 

Fig.  190.— Shepherd’s  Purse.  Seed  in  cross  section.  S  spermoderm:  ep  outer 
epiderm,  pal  palisade  cells,  p  parenchyma.  E  endosperm.  C  cotyledon:  aep  outer 
epiderm,  aZ  aleurone  grains.  X160.  (K.B.W.) 

I  191 --Shepherd’s  Purse.  Elements  of  seed  in  surface  view.  Reference 

letters  as  m  Fig.  190.  X160.  (K.B.W.)  iveierence 

very  low,  and  (.3)  parenchyma,  consisting  of  a  single  layer  of  very  broad 
cells  Ter  fh'e  edges'!''^"'® 

snrfi!!!  arranged  in  longitudinal  rows  as  seen  in 

surface  view,  show  a  somewhat  thickened  primary  wall  and  a  zone  of 

.kS”""”  ""  >»>  “I  191,  i',  C)  ^A,  iu  JW 

Chief  Structueal  CHARACTERs.-See  tables. 

^  Landw.  Vers.-Stat.  1898,  60,  449. 
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WILD  PEPPERGRASS 

Lepidium  virginicum  L. 


Ir.  Crcsson.  Sp.  Lepidio.  It.  Crescione.  Ger.  Kresse. 


This  common  weed,  although  according  to  Gray  native  of  the  South, 
grows  ever>'where  in  the  United  States.  It  occurs  in  grain  and  flaxseed. 

In  certain  sections  European  species,  notably  L.  apetalum  Willd.  and 
L.  campcstre  (L.)  Br.,  have  gained  a  foothold,  and  even  L.  sativum  L., 
our  garden  cress,  has  escaped  from  cultivation.  L.  apetalum  is  very 
common  in  Minnesota  and  neighboring  states  and  is  the  only  Lepidium 
in  the  first  set  of  twenty-four  jMinnesota  weed  seeds  distributed  by  the 
Minnesota  Experiment  Station.  According  to  Gram,^  L.  campcstre 
occurs  in  European  rape  although  he  only  reports  one  instance. 

'  MACROSCOPIC  STRUCTURE. — As  in  shepherd’s  purse,  the 
flo  wers  are  white  and  in  tenninal  racemes,  the  pods  are  flattened  at  right 
angles  to  the  partitions  and  the  seeds  are  yellow-brown.  The  pods  . 
however,  are  round,  the  seeds  occur  singly  in  the  cells  and  are  longer 
(up  to  1.8  mm.),  much  broader  and  more  pointed  at  one  end  than  are  < 
those  of  shepherd’s  purse.  Furthermore  the  cotyledons  are  accumbent,  , 
being  an  exception  in  the  genus.  In  L.  apetalum  the  seeds  are  similar ' 
in  size  but  the  cotyledons  are  incumbent. 

MICROSCOPIC  STRUCTURE. — Seeds  of  L.  Virginicum  and  L. 


apetalum  agree  so  closely  in  histological  structure  that  the  following  ; 
description  based  on  our  own  work  applies  to  both  and  also  in  a  general  I 
way  to  L.  sativum.  Gram  ^  figures  the  palisade  cells  of  L.  campcstre  \ 
as  being  about  four  times  as  high  as  broad  with  radial  walls  thickened  I 
throughout,  but  lacking  a  sample  of  this  seed  we  are  unable  to  check 
this  remarkable  difference  from  the  other  species. 


Spermoderm  (Fig.  192,  .S;  Fig.  193).— Three  layers  are  seen  in  cross 
section:  (1)  radially  elongated  outer  epidermal  cells  {ep)  with  central 
mucilage  columns  bordered  and  broadened  at  the  outer  ends,  (2)  yellow- 
brown  palirnde  cells  {pal),  up  to  40  p  in  tangential  diameter,  with  thick¬ 
ened  inner  ends  of  radial  walls  and  lumen  several  times  broader  than 
the  double  walls,  and  (3)  single  layer  of  very  thin,  colorless,  empty 

parenchyma  {p).  '  .  -u 

Conspicuous  both  in  cross  section  and  in  surface  view  are  the  eater 

epidermal  cells,  the  mucilage  after  escaping  not  forming  a  fing^-like 

column  as  in  false  flax  but  disappearing  as  in  shepherd’s  purse  althoug 

more  quickly.  In  mature  seeds  the  cells  show  a  very  thin  primary  wall 


^  Landw.  Vers.-Stat.  1898,  60,  449. 
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and  a  thickened  shrunken  zone  about  the  lumen;  between  the  two  is  a 
mass  of  mucilage  which  escapes  so  rapidly  on  the  addition  of  water  that 
it  can  be  seen  only  with  the  quickest  manipulation.  In  immature  seeds 
the  lumen  is  packed  with  starch  grains  which  on  ripening  disappear  and 
the  inner  cell  wall  shrivels,  forming  the  characteristic  column. 

Endosperm  (Figs.  192  and  193,  E)  and  Embryo  (C)  are  of  the  cru¬ 
ciferous  type  with  aleurone  grains  {at)  up  to  6  ^  in  diameter. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — No  record  has  been  found  of  chem¬ 
ical  analyses  of  the  seed  of  wild  peppergrass. 

The  Physical  and  Chemical  Values  of  the  oil  obtained  by  ether 
extraction  from  the  seeds  of  the  garden  cress  (L.  sativum),  as  found  by 


Fig.  192. 


Fig.  193. 


Fig.  192. — Wild  Peppergrass.  Seed  in  cross  section, 
epiderin,  'pnl  palisade  cells,  p  parenchyma.  E  endosperm 
epiderm,  a/ aleurone  grains.  X160.  (K.B.W.) 

Fig.  193. — Wild  Peppergrass.  Elements  of  seed  in 
letters  as  in  Fig.  192.  X160.  (K.B.W.) 


S  spermoderm:  ep  outer 
C  cotyledon:  aep  outer 

surface  view.  Reference 


C.  0,9238,  refractive  index 
at  25  C.  (recalculated)  1.4700,  solidifying  point  - 16  to  - 15°  C.,  saponi- 

fication  number  183.7,  iodine  number  133.5,  ester  number  171.4,  fatty 
acids  94^08  per  cent,  acid  number  8.3  (equivalent  oleic  acid  4.18  per  cent) 
and  solidifying  point  of  fatty  acids  22  to  23°  C. 


FIELD  PENNYCRESS 

Thlaspi  arvense  L. 

Ger.  Taschelkraut. 

French  weed  has  come  to  be  the  common  name  for  this  plant  in  the 
Red  River  Valley  and  adjoining  regions  of  Minnesota  and  North  and 

Chem.  Rev.  Fett-Harz-Ind.  1912,  19,  102. 
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South  Dakota,  whoro  it  is  a  most  noxious  wood.  A  sample  of  the  seed 
is  included  in  the  first  twenty-four  of  Oswald’s  collection  of  Minne¬ 
sota  weeds.  It  occurs  also  in  Ohio  and  is  ji^iven  by  Cox  among  the 
fifty  worst  weeds  of  the  United  States. 

In  Kurope,  whence  it  was  introduced  into  the  United  States,  it  does 
not  appear  to  be  so  troublesome — at  least  it  is  given  scant  attention  by 
microscopists  there.  \'ogl  ^  in  the  examination  of  five  samples  of 
screenings  found  it  only  in  one  and  there  only  0.03  per  cent.  Gram, 2 
however,  reports  finding  it  in  rape  cake. 

MACROSCOPIC  STRUCTURE. — Like  its  near  relative  shepherd’s 
purse,  the  small  white  flowers  in  a  terminal  raceme  give  place  on  ripen¬ 
ing  to  flattened,  inverted  heart-shaped  pods  in  a  spreading  raceme.  The 
pods  in  this  species,  however,  measure  up  to  1.5  cm.,  are  only  several 


Fig.  194.  Fig.  195. 

Fig.  194. — Field  Pennycress.  Seed.  XIO.  (A.L.W.) 

Fig.  195. — t^ield  Pennycress.  Seed  in  cross  section.  S  spermoderm:  ep  outer 
epiderm,  sub  suiiepiderm,  pal  [xilisade  cells,  p  parenchyma.  E  endosperm.  C 
cotyledon  showing  outer  epiderm  and  mesophyl  containing  al  aleurone  grains. 
XIOO.  (K.B.W.) 


seeded,  and  the  cotyledons  are  accumbent.  The  seed  (Fig.  194)  is 
ellipsoidal,  up  to  2  mm.  long,  flattened,  dark  brown,  and  shows  under  a 
lens  the  form  of  the  embryo  and  longitudinal  striations  instead  of  reticu¬ 
lations. 

MICROSCOPIC  STRUCTURE.— Gram  2  illustrates  the  seed  in 
cross  section  both  mature  and  immature.  Bohmer  ^  shows  the  tissues 
in  surface  view. 

Spermoderm  (Fig.  195,  >S).— All  four  layers  are  present  although 
the  outer  two  are  more  or  less  obliterated:  (1)  outer  epiderm  (ep)  of 
compressed  cells,  (2)  subepiderm  (sub),  also  for  the  most  part  of  com- 

1  Wicht.  Nahrungs-  u.  Genussm.  Berlin,  1899,  p.  22. 

2  Land w.  Vers.-Stat.  1898,  60,  449. 

3  Kraftfuttermittel.  Berlin,  1903,  p.  426. 
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pressed  cells,  (3)  dark  brown  palisade  cells  {pal)  varying  greatly  in 
height  with  only  the  radial  walls  perceptibly  thickened,  and  (4)  paren¬ 
chyma  ip)  with  dark  walls,  the  innermost  layer  showing  well  expanded 
cells. 

Corresponding  with  the  ridges,  the  palisade  cells  are  twice  as  high  as 
those  midway  between.  In  surface  view  these  higher  cells  appear  darker, 
forming  the  dark  bands  which  in  the  seed  take  the  place  of  the  dark 
network  of  species  of  Brassica.  The  coloring  matter  is  often  more 
intense  in  the  outer  thickened  portion  of  the  radial  walls,  which  are 
constricted  at  both  outer  and  inner  end.  The  tangential  diameter 
of  the  cells  reaches  55  fx,  the  double  walls  being  much  broader  than  the 
lumen. 

The  pigmentation  of  the  inner  parenchyma,  as  in  the  palisade  cells,  is 
confined  to  the  cell  walls. 

Endosperm  (Fig.  195,  E)  and  Embryo  (C). — Much  as  in  other  cru¬ 
cifers  with  aleuro7ie  grains  {al)  up  to  10  y. 

Chief  Structural  Characters. — See  tables. 

CHEMICAL  COMPOSITION. — No  proximate  analysis  is  available 
but  Ivanov  and  Troitzkii  ^  obtained  from  seed  grown  in  middle-eastern 
Russia  37.5  per  cent  of  oil  with  the  following  values:  saponification 
number  170.45,  iodine  number  95.14,  and  acid  number  3.03. 

1  Masloboino  Zhirovoe  Delo.  1928,  No.  1,  p.  30. 


SEEDS  OF  THE  ROSE  FAMILY 


(Rosasese) 

The  general  characters  of  the  family  are  given  in  the  section  headed 
Fruits  of  the  Rose  Family  in  Volume  II.  The  seeds  of  two  sub-families 
are  here  described:  (1)  Rosese,  represented  by  wild  roses,  which  are  a 
pest  in  grain  fields,  and  (2)  Prunex,  represented  by  the  common  drupes, 
namely  almond, ’peach,  nectarine,  apricot,  plum,  and  cherry. 

ROSE  HIPS 

Rosa  spp. 

Fr.  Cynorrhodons.  It.  Bacca  della  rosa.  Ger.  Hagebutten. 

In  Minnesota  and  adjoining  regions  the  hips  or  the  seed-like  achenes 
of  one  or  more  species  of  rose  contaminate  the  threshed  grain.  Oswald  ^ 
in  his  report  of  the  Minnesota  Seed  Laboratory  for  1910-11  states  that 
of  218  samples  of  seed  wheat  9  per  cent  and  of  193  samples  of  seed  oats 
6.2  per  cent  contained  rose  fruit.  Selby  ^  states  “  The  seeds  of  a  western 
species,  together  with  the  globular  rose-hips  containing  them,  are  fre- 
(juent  in  western  oats.” 

In  Europe  the  hips  of  the  wild  rose  {R.  canina  L.)  are  preserved 
in  syrup  and  also  dried  for  use  as  a  coffee  substitute. 

MACROSCOPIC  STRUCTURE. — Among  the  characters  of  the 
flower  shared  by  numerous  species  of  the  genus  are  the  urn-shaped 
receptacle,  narrowed  at  the  throat,  where  the  five  green,  pointed  sepals, 
five  showy  petals,  and  numerous  stamens  are  borne  on  a  disk  and  the 
numerous  small,  hairy  pistils,  each  with  a  one-celled  ovary  containing 
a  single  anatropous  ovule,  borne  on  the  inner  surface  of  the  receptacle. 

Authorities  differ  as  to  whether  the  wall  of  the  hip  is  receptacle  or 
calyx  tube.  It  is  here  considered  to  be  receptacle.  The  green  pointed 
calyx  lobes  that  crown  the  hip  dry  up  during  ripening  and  drop  off,  leaving 

a  short  recurved  rim  about  the  opening  (lig.  196,  I,  II). 

A  number  of  buff  or  brown,  more  or  less  pointed,  angular  achenes 
(II,  III),  ranging  up  to  about  5  mm.  long,  are  borne  on  the  inner  surface 

^  Minnesota  A^r.  Exp.  Sta.  1912,  Bui.  127,  144. 

2  Ohio  Agr.  Exp.  Sta.  1900,  Bui.  176,  334. 
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of  the  receptacle  in  a  mass  of  hairs  springing  partly  from  the  inner  sur¬ 
face  of  the  receptacle  and  partly  from  the  mature  and  abortive  achenes 
and  the  styles.  Some  of  the  hairs,  as  well  as  the  hairy  styles,  project 
through  the  opening  at  the  top  of  the  hip. 

Cross  sections  of  the  achenes  (IV)  show  that  the  thick  pericarp  (F) 
and  the  thin  spermoderm  (S),  peri- 
sperm  (N),  and  endosperm  (E)  closely 
invest  the  seed.  The  cotyledons  (C) 
are  elongated,  bulky;  the  radicle  is 
minute  at  the  apex  of  the  fruit. 

MICROSCOPIC  STRUCTURE  — 

Several  German  writers  on  the  struc¬ 
ture  of  foods  refer  briefly  to  the  so-called 
“  Hagebutten,”  which  are  the  hips  of 
Rosa  canina,  but  without  describing 
the  structure  in  detail. 

Receptacle. — The  conspicuous  ele¬ 
ments  are  the  oute?'  epiderm  consisting 
of  cells  shaped  like  aleurone  cells,  80 


Fig.  196. 


Fig.  197. 


Hip  entire;  II  hip  in  section;  III  single  achene  vi 
CcotyleTns"  P«''‘'^‘>-rp,  S  spermoderm,  N  perisperm,  E  endosperm^ 

derm,  si'  tangentially  etonglteVX^LTehr  si"^  pencarp:  epi  epicarp,  hy  hypo- 
longitudinal  fibers,  p  transvei-se  fibers  t  elongated  stone  cells,  /' 

subepiderm,  p'  eompresser  mreneb  .®P'=™ederm:  aep  outer  epiderm,  snb 
endosperm:’  Tl  ^  ^ 

outer  epiderm.  X160.  (A.L.W )  ^  parenchyma.  C  cotyledon  with  ep 

to  160  p  in  diameter,  with  walk  ohnnf  i 

in  the  mesophyl,  and  the  numerous  hairs  on  the"*-  ’  dusters 

of  the  pericarp.  mderni  like  those 

fifth  being  Lterruptedt^al'lpic^^^^^^^  are  present,  the 


472 


OIL  SEEDS 


r 


inilliiiiotors  lonjj;,  (2)  hypoderm  {hy)  of  long;itudinall3'’  f'longatod  cells 
with  somewhat  thickened  porous  walls,  (3)  isodiametric  or  somewhat 
elongiited  stone  (ells  («s‘^*),  (4)  radially  elonyoted  stone  cells  (.s*^“),  (5)  groups 
of  longitudinal  sclererichy7na  fibers  (/'),  and  (0)  transverse  sclerenchyma 
fibers  (/“)  forming  the  endocarp. 


The  third  and  fourth  layers,  made  up  of  stone  cells,  and  perhaps 
the  fifth,  made  up  of  sclerenchyma  fibers,  may  be  regarded  as  analogous 
to  the  thin-walled  pulp  cells  of  other  rosaceous  fruits. 

Breaking  through  the  fibers  of  the  endocarp  here  and  there,  espe¬ 
cially  at  the  angles,  are  radially  arranged  fibers. 

Spermoderm  (Fig.  197,  S;  Fig.  199). — Four  layers,  all  but  the  third 
with  yellow  walls,  may  be  identified  in  cross  section  and  surface  mounts. 


Fig.  198.  Eig-  199. 

Fig.  198. — Rose.  Elements  of  pericarp  in  surface  view,  epi  epicarp;  P  base, 
apex  of  hair  2  mm.  lonp;  hy  hypoderm;  sV  stone  cells  of  outer  layer.  XlbO. 

(A.L.W.) 

Fig.  199. — Rose.  Elements  of  seed  in  surface  view.  Spermoderm:  aep  outer 
epiderm,  sub  subepiderm,  iep  inner  ejiiderm.  E  aleurone  cells  of  endosperm. 
XIOO.  (A.L.W.) 


best  after  treatment  with  Javelle  water  to  expand  the  collapsed  cells: 
(1)  outer  epiderm  {aep)  of  polygonal  cells,  often  collapsed,  hence  showing 
double  outline  in  surface  view,  (2)  subepiderm  {sub)  of  spongy  paren- 
chyrnii,  (3)  compressed  parenchyma  (/>'),  and  (4)  inner  epiderm  {iep)  o 
transversely  elongated,  thin-walled  cells,  often  side  by  side  in  groups. 

The  Perisper.-n  (Fig.  197,  N),  as  in  the  cereals,  consists  of  a  single 


compressed  layer  with  colorless  walls. 

The  Endosperm  (Figs.  197  and  199,  E)  consists  of  (1)  a  layer  ot 

aleurone  cells  {al)  varying  from  one  to  three  cells 
aleurone  grains  about  3  p  in  diameter,  and  (2)  compressed  )• 

Embryo.-The  cotyledons  (Fig.  197,  C)  contain  in  addition  to  tat 
oval  or  polygonal  aleurone  grains,  up  to  3  m  in  the  epiderm  and  up 
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8  M  in  the  inner  cells.  Polygonal  forms  are  due  to  close  packing  in  the 
cells.  Each  grain  contains  several  globoids. 

Chief  Structural  Characters. — Receptacle  hollow,  hairy  within; 
achenes  borne  on  inner  surface,  angular,  pointed,  hairy,  5  mm.  long; 
pericarp  bony.  Seed  solitary;  spermoderm,  perisperm,  and  endosperm 
thin,  closely  investing  embryo;  cotyledons  bulky;  radicle  minute. 

Receptacle  and  epicarp  hairs  long,  straight,  thick-walled;  epicarp 
cells  elongated ;  hypoderm  cells  somewhat  thickened,  porous ;  remainder 
of  pericarp  largely  stone  cells  and  sclerenchyma  fibers  variously  arranged. 
Spermoderm  with  large  polygonal  outer  epidermal  cells  and  transversely 
elongated  inner  epidermal  cells.  Perisperm  structureless.  Endosperm 
and  cotyledons  with  aleurone  grains  up  to  8  /x. 


DRUPES 


{Primesa) 

With  the  exception  of  the  almond  the  drupes  have  fleshy  pericarps 
which  are  described  under  Fruits,  Volume  II,  but  the  seeds  (kernels) 
of  all  have  a  rich  store  of  fat  and  protein  and  for  that  reason  are 
classed  in  this  volume  with  oily  nuts. 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  seed  (ker¬ 
nel)  is  strongly  elongated  (Jordan  almond,  most  plums),  somewhat 
longer  than  broad  (most  almonds,  peach)  or  as  broad  as  long  (apricot), 
and  more  or  less  pointed.  It  has  a  rough  brown  skin  forming  the 
spermoderm  and  an  inner  white  skin  consisting  of  perisperm  and  endo¬ 
sperm.  From  the  hilum,  situated  near  the  pointed  end,  the  raphe 
extends  to  the  chalaza  at  the  broad  end  where  it  divides  into  branches 
which  exteiul  in  ditTerent  directions.  The  cotyledons  are  large,  white; 
the  radicle  is  small,  in  the  pointed  end. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.  Spermoderm.— 
.\11  the  species  agree  in  having  four  layers:  (1)  outer  epiderm  of  thin- 
walled,  polygonal  parenchyma  cells  interspersed  with  elevated  scleren- 
chyma  cells,  (2)  subepidena  forming  a  double  or  triple  layer  of  polyg¬ 
onal  cells,  without  intercellular  spaces,  which  are  thin- v.  ailed  and  char¬ 
acterless  in  all  the  species  but  the  cherries  where  some  of  them  are 
sclerenchymatized  and  porous,  (3)  spongy  parenchyma  through  which 
ramify  the  fibro-vascular  bundles,  and  (4)  mner  epiderm  of  small  cells 

with  brown  contents. 

k:xcept  for  the  presence  of  sclerenchyma  cells  in  the*  subepiderm  ot 
the  cherry,  all  the  species  agree  closely  in  the  structure  of  the  second, 

third,  and  fourth  layers.  .  i 

The  sclerenchyma  cells  of  the  outer  epiderm  of  all  the  species  but  the 

cherries  have  l)een  investigated  by  ^\■ittmack  and  Buchwald,'  Hanmg, 
and  Young  witli  special  reference  to  the  detection  of  kernels  of  the  iruit 

stones  when  substituted  for  almonds,  whether  whole  '(f  the 

The  work  of  these  authors  was  reviewed  in  the  second  edition 

1  B.  deut.  hot.  Ges.  1901,  19,  584. 

2  Z.  Unters.  Nahr.-Genussm.  1911,  21,  577. 

3  U  S  Dept.  Agr.,  Bur.  Chem.  1912,  Bill.  160. 
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Microscopy  of  Vegetable  P^oods  ”  and  other  distinctions  added. 
Following  are  the  characters  of  diagnostic  value: 

(1)  Size:  lar^e  in  almond,  peach,  and  nectarine;  small  in  plum  and  apricot. 

(2)  Shape  of  outer  wall:  truncated  in  almond;  conical  in  peach,  nectarine 

and  plum. 

(3)  Thickness  of  outer  wall:  thin  in  almond  and  apricot;  thick  in  peach, 

nectarine,  and  plum. 

(4)  Pores  in  outer  wall:  absent  in  almond  and  peach*  present  in  nectarine, 

plum,  and  apricot. 

(5)  Chains  of  small  cells:  marked  in  peach;  not  marked  in  almond,  plum, 

apricot,  and  nectarine. 


The  sclerenchyma  cells  of  the  cherries  are  not  included  in  the  above 
scheme  since  the  kernels,  because  of  their  small  size,  are  not  suitable 
substitutes  for  almonds. 

Perisperm.— This,  as  seen  in  cross  section,  forms  a  band  of  compressed 
cells. 

Endosperm.— Attached  to  the  perisperm,  forming  a  thin  white  skin, 

aie  one  or  more  rows  of  aleurone  cells  and  an  inner  band  of  compressed 
cells. 

The  aleurone  cells  in  the  different  species  vary  as  to  the  thickness  of 
the  layer,  measured  in  number  of  cells.  In  the  almond  and  apricot 
the  layer  is  mostly  only  one  cell  thick,  in  the  peach  one  to  three  cells 

whereas  m  the  plum  it  runs  from  one  or  two  on  the  edges  to  as  high  as 
twenty  on  the  face  of  the  seed.  ® 

Embryo.— .4 leurone  grains  and  fat  are  the  visible  cell  contents  of 
the  tissues  throughout.  Except  in  the  epiderm,  where  all  the  grains 
are  smal  each  cell  usually  contains  one  large  aleurone  grain  and  nLer- 
ous  sj„all  ones.  A  crystalloid  and  oxalate  rosette  are  usually  sZ  L 

“ ".rr,rr,  "t.  rs 

to  over  60  per  cent  in  7h  ’  1  37  per  cent  in  the  cherry 

lated  from  data  given  unde:  ZldividullTl 


Almond 
1  :  2.61 


Peach 
1  :  1 . 75 


Apricot 
1  :  1 . 75 


Plum 
1  :  1.57 


Cherry 
1  :  1 . 38 


of  tl^'rTr  klinlh  ^^e  order 

also  the  minimum tTmaSm"!  ^^ese  figures, 

with  Forster’s  rule  discussed  und  given  above,  are  consistent 

a.  Ih. •'«  '-ee, 

protein.  Ihis  rule,  although  first 
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applied  to  seeds  of  the  same  species,  appears  to  hold  good,  in  certain 
instances  at  least,  for  seeds  of  related  species  of  the  same  genus. 

Proteins. — The  chief  protein  of  the  almond  and  the  peach  is  amandin, 
a  globulin.  Quite  probably  other  seeds  of  the  group  contain  the  same 
or  a  similar  globulin. 

Fixed  Oil. — Judging  from  the  iodine  number,  the  almond,  peach, 
and  plum  oils  are  not  distinguishable,  all  falling  within  the  range  of  91 
to  110.  Cherry  oil  has  a  higher  iodine  number,  the  range  being  110  to 
123.  The  percentages  of  oleic  and  linolic  acid  in  almond  oil  are  given  as 
77  and  20  per  cent,  of  apricot  oil  as  79  and  19  per  cent.  No  figures  on 
the  composition  of  the  other  oils  are  at  hand. 

Glucosides. — Amygdalin,  a  characteristic  constituent  of  the  seeds 
of  drupes  as  well  as  of  some  other  rosaceous  seeds,  occurs  in  considerable 
amounts  in  all  the  seeds  excepting  the  sweet  almond.  The  nature  of  the 
glucoside  and  its  decomposition  through  the  agency  of  the  enzyme 
emulsin  is  discussed  under  Almond. 

Ash. — Noteworthy  is  the  relatively  low  potash  content  of  the  almond 
and  the  relatively  high  content  of  lime  and  magnesia.  Figures  on  ash 
constituents  of  the  other  seeds  are  not  available. 


ALMOND 

Prunus  communis  Fritsch  =  P.  Arnygdalus  Stokes  =  Amygdalus  com¬ 
munis  L. 

Fr.  Amande.  Sp.  Almendra.  It.  Mandorla.  Ger.  Mandel. 

The  almond  is  grown  extensively  in  the  Mediterranean  region  and 
western  Asia,  where  the  species  appears  to  have  originated,  also  in  Cal¬ 
ifornia.  The  theory  that  it  is  a  variety  of  the  peach  appears  to  have  lost 

ground. 

Two  principal  groups  are  recognized:  the  bitter  (var.  amara),  from 
which  oil  of  bitter  almonds  is  made,  and  the  sweet  or  edible  (var.  dulcis). 
Sweet  almonds  are  either  hard-shelled  (var.  typica)  or  thin-  or  paper- 
shelled  (var.  fragilis),  the  latter  being  now  the  common  form  grown  in 

enormous  quantities  in  California. 

The  almond  may  be  regarded  as  the  patrician  among  nuts,  the 
peanut  being  the  plebeian.  Aside  from  being  a  common  dessert  nut, 
cracked  as  eaten,  salted  almonds,  prepared  by  shelling,  blanching, 
roasting,  and  salting,  are  highly  esteemed.  Shelled  almonds  are  exten¬ 
sively  used  in  confectionery  such  as  sugared  almonds,  chocolate  almon  , 
almond  nougat,  etc.  The  mandorlata  of  Venice,  with  honey  as  the  base. 
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is  famous.  Bars  of  sweet  or  milk  chocolate  containing  almonds  are 
much  in  demand  by  travelers. 

Genuine  almond  paste,  used  for  the  preparation  of  the  confectionery 
known  as  macaroons,  is  made  from  the  blanched  kernels,  sugar,  etc.,  but 
too  often  kernels  of  other  large-seeded  drupes,  notably  apricot,  peach, 
and  plum,  are  substituted  for  almonds.  Almond  flour  or  meal,  the 
ground  residue  after  expressing  almond  oil,  being  free  from  starch,  is 
used  in  making  bread  and  biscuit  for  diabetics.  Almond  butter,  made 
from  the  unextracted  kernel,  is  also  a  diabetic  food. 

Immature  almonds,  without  removal  of  the  outer  pericarp  or  endo- 
carp,  are  candied,  preserved,  and  pickled. 

MACROSCOPIC  STRUCTURE. — Varieties  of  almond  grown  as 
ornamentals  have  white  or  pink  double  flowers;  those  grown  for  fruit 
have  large  (2  to  3  cm.)  pink  flowers  of  the  type  common  to  all  members 
of  the  genus.  The  fruit  is  hairy  and  resembles  a  poorly  developed 
peach.  Unlike  that  of  the  drupes  grown  for  the  succulent  fruit  flesh, 
the  mesocarp  at  maturity  is  rather  thin,  tough,  and  inedible,  the  major 
part  breaking  away  from  the  ‘‘  nut  ”  or  endocarp.  The  nut  is  analogous 
to  the  stone  of  the  peach,  apricot,  and  plum,  but  the  outer  part  of  the 
paper-shelled  varieties  is  soft  and  spongy  while  the  inner  endocarp  is 
hard  but  exceedingly  thin  (0.5  mm.).  Between  the  two  is  a  middle  zone 
containing  the  fibro-vascular  bundles.  On  casual  inspection  these  bun¬ 
dles  appear  to  belong  to  the  endocarp  but  on  further  study  it  is  obvious 
that  they  belong  to  the  mesocarp  and  correspond  to  the  bundles  which 
run  along  the  bottoms  of  the  furrows  of  the  peach  stone.  The  stone-cell 
tissue  of  the  outer  endocarp  of  the  almond  really  forms  ridges  but  the 
tissue  is  so  friable  that  it  differs  little  in  appearance  from  the  dry  meso¬ 
carp  parenchyma  in  the  furrows  covering  the  bundles. 

On  the  ventral  edge  is  a  conspicuous  keel  within  which  is  the  bundle 
passing  nearly  to  the  top  where  it  enters  the  locule  becoming  the  funi¬ 
culus  of  the  pendant  seed. 

The  .seed  varies  greatly  in  size  and  ratio  of  breadth  to  length.  Of  the 
nuts  shipped  from  Spain,  Jordan  (Malaga)  almonds  are  characterized 
by  their  narrow  elongated  form  and  light  brown  skin;  Alicanti,  Valencia 
and  Mallorca  almonds  by  their  broad  form  and  dark  brown  skin 

bundles  and  Ln  1  ""‘h  fibro-vascular 

accompanying  sclerenchyma  cells,  and  (4)  endocarp  dif- 
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ferentiated  into  an  outer  more  or  less  friable  and  an  inner  hard  stone-  • 
cell  tissue.  • 

The  general  structure  of  the  epicarp,  Juypoderm,  and  mesocarp  resem¬ 
bles  that  of  the  peach,  the  chief  difference  being  that  the  cell  walls  are  • 
thicker  and  the  hairs  of  the  epicarp  are  broader  at  the  base,  being  inter¬ 
mediate  between  those  of  the  peach  and  the  apricot. 

The  soft  tissue  which  may  be  scraped  from  the  surface  of  a  paper- 
shelled  almond  consists  of  groups  of  stone  cells  of  the  outer  endocarp  and 
masses  of  mesocarp  parenchyma.  Most  of  the  stone  cells  are  isodiamet-* 
ric  with  colorless  or  light  brown  contents.  The  vessels  of  the  fibro-' 
vascular  bundles  which  appear  to  be  in  the  middle  layer  are  largely  pitted. 


Fig.  2()0. 


Fig.  201. 


Fig  200— Almond.  Skin  of  seed  in  cross  section.  S  spermoderm.  ep  outer 
epiderm  with  st  sclerenchyma  cells,  p  parenchyma  with  fv  fibro-vascular  bundle  and 
cr  crystal  cell,  iep  inner  epiderm.  N  perisperm.  E  endosperm:  al  aleurone  cells, 

i  compressed  parenchyma.  XlOO.  •  u 

Fig.  201.— Almond.  Outer  epiderm  of  spermoderm  m  surface  view  showing 

sP  outer  and  sP  inner  focus  of  sclerenchyma  cells.  X 100.  (K.B.W.) 


spiral  forms  being  less  common.  These  bundles  as  noted  above  belong 

to  the  mesocarp.  , 

In  the  hard  inner  endocarp  there  is  a  zone  of  narrow,  transversely 

elongated  stone  cells,  v'ithin  the  main  tissue  of  isodiametric  stone  cell^ 

and  an  innermost  zone  of  similar  stone  cells  but  with  a  tendency  to 

‘""SerZieTraC^H),  .S;  Fig.  201).-Of  the  foiu" 

outer  epiderm  differs  noticeably  from  the  corresponding  layer  of  the 
peach,  nectarine,  apricot,  and  plum.  Many  of  the  sclermchytm  celU  rf) 

of  the  outer  evident  {ep)  arc  large  (as  large  as,  or  larger  t  an,  o®®  ^ 

Thpv  are  more  or  less  truncated,  noticeably  thin-valiea 

throughout-in  paper-shelled  almonds  scarcely  thickened  a^all  atooug 

sclerenchymatous-and  porous  only  in  the  inner  half.  The  mar 
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truncation  serves  as  a  distinction  from  all  the  other  drupes,  the  thin 
outer  walls  from  the  peach,  nectarine,  and  plum,  and  the  absence  of 
pores  in  the  outer  part  from  the  plum  and  apricot.  Conical  forms  with 
thick  outer  part,  such  as  occur  in  the  peach,  nectarine,  and  plum,  also 
small  rounded  (dome  -shaped)  forms  like  those  of  the  apricot  are  lack¬ 
ing.  Chains  of  small  cells,  such  as  are  found  in  the  peach,  are  not 
evident. 

The  suhepiderm  consisting  of  a  double  or  triple  layer  of  polygonal 
cells  without  intercellular  spaces,  spongy  parenchyma  {p)  with  small 
vascular  bundles  {fv)  and  occasional  crystal  cells  (cr),  and  small- 
celled  inner  epiderm  {iep)  make  up  the  remainder  of  the  sper- 
moderm. 

Perisperm  (Fig.  200,  N). — Only  by  expanding  the  tissues  with  Javelle 
water  and  staining  is  any  cellular  structure  evident. 

The  compressed  cells  form  a  colorless  band  in  cross 
section. 

Endosperm  (Fig.  200,  E). — One  row  of  aleurone  cells 
{al)  and  an  inner  band  of  compressed  cells  (j)  are  evident 
in  cross  section. 

Embryo.— Except  for  the  tangentially  elongated 
epidermal  cells  of  the  cotyledon  (Fig.  202)  the  tissues 
throughout  are  of  rounded  cells.  Aleurone  grains  and 
fat  are  the  visible  contents.  In  addition  to  small  ^ 
a  eurone  grains  each  of  the  cells  of  the  inner  part  mond.  Cotyledon 
usually  contains  a  large  aleurone  grain  up  to  20  u  with  section 

an  oxaUte  rosette  and  a  crystalloid.  Globoids  occur  in  “  “"xTea 
some  of  the  grains.  (k.b.w.) 

Chief  Structural  Characters.— Fruit  flesh  not  edible  at  maturity 

«"'^0‘=arp  in  easily  detached  groups  Scleren- 
yma  cells  of  spermoderm  large,  truncated,  with  rather  thin  walls 

of  cotSo^nrunr20^'^\,h^f  grains 

largest  with  oxalate  rosette. 

on  following  page)  analyTe^f  sainjej^of  VT 

The  almond  hu^,  ti^ the  ash  constituents. 

to  the  flesh  of  the  peach  is  rpn  a  i  tissues  corresponding 

market.  ^  before  placing  the  nut  on  the 


California  Agr.  Exp.  Sta.  1896,  Bui.  113. 
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Tho  average  results  of  4  analyses  of  European  sweet  almonds  com-  f 
piled  by  Konig  ‘  are:  water  6.0,  protein  23.5,  fat  .53.0,  total  ca'rbohy- ^ 
drates  14.4,  and  ash  3.1  por  cent. 


Composition  of  Kernels  of  California  Almonds  (Colby) 


Kernel 
in  nut 

Water 

Protein 

Fat 

N-f.  ext. 

P^iber 

Ash 

% 

% 

% 

% 

% 

% 

% 

Min . 

33* 

2.0 

16.6 

48.9 

12 

.8 

1.6 

Max . 

70 1 

5.3 

25.3 

60.0 

21 

.4 

2.5 

Aver . 

65 

4.8 

21.0 

64.9 

14.3 

3.0 

2.0 

*  Hard-shell.  f  Paper-shell. 


An  analysis  of  the  water-free  kernel  of  Chinese  sweet  almonds : 
by  Ralph  Langley^  follows:  protein  25.0,  fat  57.3,  nitrogen-free*! 
extract  11.9  (sucrose  2.1,  pentosans  3.8),  fiber  3.1,  and  ash  2.7/| 
per  cent. 

Bitter  Almond. — The  average  protein  content  is  about  10  per  cent, 
more  and  the  average  fat  content  about  10  per  cent  less  than  in  the 
sweet  almond.  Because  of  the  high  content  of  amygdalin  the  nuts  are; 
not  edible  although  the  press  cake  may  be  so  treated  as  to  remove  the^ 
danger  of  hydrocyanic  acid  poisoning. 

Almond  Shells.— An  analysis  by  Winton,  Ogden,  and  Mitchell  ^ 
of  the  shells  formerly  used  as  an  adulterant  of  spices  follows: 


% 


Water . 

Protein  (NX6.25) . 

Ether  extract,  volatile . 

Ether  extract,  non-volatile. . 

Alcohol  extract . 

Reducing  matters  * . 

Starch  by  diastase . 

Quercitannic  acid . 

Fiber . 

Ash,  total . 

Ash,  soluble  in  water . 

Ash,  insoluble  in  acid . 

*  By  direct  inversion.  t  Equivalent  to  0.40  per 


.  7.80 

.  1.75 

.  0.16 

.  0.64 

.  5.16 

.  22.72 

.  0.84 

.  1.56t 

.  49.89 

.  2.86 

.  2.39 

.  0.05 

cent  of  O  absorbed  by  aqueous  extract. 


1  Chem.  mensch.  Nahr.-Genussm.  Berlin,  1903,  1,  611. 
*  J.  Am.  Chem.  Soc.  1907,  29,  1513. 

» Connecticut  Agr.  Exp.  Sta.  Rep.  1898,  p.  210. 
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Almond  Butter,  Almond  Meal,  and  Almond  Paste— Analyses  of  the 
butter  and  meal  reported  by  Winton  ^  and  a  single  analysis  of  the  paste 
from  Jaffa’s  bulletin  on  Nuts  and  Their  Uses  as  Food  ^  follow: 


1 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Sugar 

and 

dextrin 

Starch 

% 

% 

% 

% 

% 

% 

% 

% 

Almond  butter. 

0.90 

22.62 

61.52 

8.11 

3.92 

2.93 

3.65 

0 

Almond  meal.  . 

8.51 

50.62 

15.63 

15.96 

2.86 

6.42 

7.18 

0 

Almond  paste.  . 

24.2 

13.1 

23.9 

29.4 

7.8 

1.6 

Proteins. — The  principal  protein  of  the  almond  is  a  globulin,  amandin, 
so  named  by  its  discoverer  Proust  ^  but  later  designated  conglutin  and 
vitellin.  Osborne  restored  its  original  name  and  made  preparations 
from  the  almond  and  peach  kernels  which  he  found  to  be  practically 
identical  in  elementary  composition. 

The  Ultimate  Composition  of  Amandin  is  shown  by  the  following 
average  of  the  analyses  of  4  preparations  from  the  almond  kernel : 


■% 

Carbon .  51. 37 

Hydrogen .  6.91 

Nitrogen .  I9  33 

Sulphur .  0.45 

Oxygen .  21.94 


100.00 

Amino  Acids  of  Amandin. — In  a  preparation  obtained  by  Harris  by 
the  extraction  of  the  defatted  seed  with  0.1  saturated  ammonium  sul- 
phate,  precipitation  by  adding  ammonium  sulphate  to  0.4  saturation 
then  redissolving  in  brine,  and  saturation  with  ammonium  sulphate’ 
Osborne  and  Clapp  separated  by  E.  Fischer’s  hydrolyzation  method 
the  products  tabulated  at  the  top  of  the  next  page. 

Jones  Gersdorff,  and  Moeller  obtained  the  following  figures  in 
almond  globulin;  cystine  0.85  and  tryptophane  1.37  per  cent. 

■  CoMecticut  Agr.  Exp.  Sta.  Rep.  1906,  pp.  156  and  158. 

2  U.  S.  Dept.  Agr.  1908,  Farm  Bui.  332. 

^  J.  phys.  chim.  hist.  nat.  art.  1802,  66,  97. 

^  Connecticut  Agr.  Exp.  Sta.  Rep.  1895,  p.  288. 

®  Am.  J.  Physiol.  1908,  20,  470. 

®  J.  Biol.  Chem.  1924,  62,  183. 
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Products  of  Hydrolysis  of  Amandin  (Osborne  and  Clapp) 


Glycocoll . 

Alanine . 

Valine . 

I^eucine . 

Serine . 

Aspartic  acid . 
Cilutamic  acid 

Tyrosine . 

Phenylalanine 

Proline . 

Tryptophane, 

Arginine . 

Lysine . 

Histidine . 

Ammonia .  .  . . 


/O 

0.51 

1.40 

0.16 

4.45 

? 

5.42 

23.14* 

1.12 

2.53 

2.44 

+ 

11.85 

0.70 

1.58 

3.70 


*  Osborne  and  Gilbert  (Ibid.  1906,  16,  S.'iO).  59.03 

Nitrogen  Distribution  in  Amandin. — Osborne  and  Harris  ^  report  the 
following  results  by  Hausmann’s  method:  basic  (di-amino)  nitrogen 
4.15,  non-basic  (mono-amino)  nitrogen  11.55,  nitrogen  in  magnesium 
o.xide  precipitate  (humin)  0.17,  and  ammonia  nitrogen  3.05;  total  nitro¬ 
gen  19.00  per  cent. 

Specific  Rotation  of  Amandin. — Osborne  and  Harris  ^  reported 
-56.44. 

Almond  Oil  is  sweet  and  bland  but  owing  to  its  high  cost  is  seldom 
used  as  food.  It  is  an  ingredient  of  certain  medicinal  and  toilet  prepara¬ 
tions.  It  is  often  adulterated  with  the  similar  oils  from  peach,  apricot, 
or  plum  kernels  which  so  resemble  it  as  to  render  detection  difficult  or 
uncertain. 

Physical  and  Chemical  Values.— The  following  limits  of  values  have 
been  compiled  from  various  sources: 


Values  of  Almond  Oil 


Sp.  gr. 
15.5®  C. 

Refractive 
index  25®  C. 

Solidifying 

point 

Saponifica¬ 
tion  No. 

Iodine 

No. 

Min . 

0.914 

1 .4680 

®C. 

-21 

183 

93 

Max . 

0.920 

1.4710 

-10 

196 

105 

■■ 

^  J.  Am.  Chem.  Soc.  1903,  26,  323. 
2  Ibid.  1903,  26,  842. 
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A  single  sample  used  by  Heiduschka  and  Wiesemann  for  determin¬ 
ing  the  composition  of  the  fatty  acids  gave:  specific  gravity  at  15  U. 
0.918,  refractive  index  at  25°  C.  1.4693,  optical  rotation  in  100-mm. 
tube  -0.07,  saponification  number  188.8,  iodine  number  99.36,  Hehner 
number  94.22,  Reichert-Meissl  number  0,  Polenske  number  0,  acid 
number  1.24,  acetyl  number  5.66,  glycerol  10.0  per  cent,  and  unsaponi- 
fiable  matter  0.50  per  cent. 

Composition. — Following  is  the  composition  of  the  total  fatty  acids 
as  determined  by  the  authors  last  named,  following  the  alcoholic  lead 
salt  and  the  hexabromide  methods :  ^ 

Palmitic  acid .  3.1 

Oleic  acid .  77.0 

Linolic  acid .  19.9 


100.0 

Qualitative  Reactions. — Lewkowitsch  ^  states  that  peach  and  apricot 
oils  may  usually  be  distinguished  from  almond  oil  by  the  orange  color 
formed  by  shaking  with  an  equal  volume  of  nitric  acid  (specific  gravity 
1.4)  and  the  pink  color  formed  by  shaking  5  volumes  of  the  oil  with  1 
volume  of  Bieber’s  reagent  (equal  weights  of  concentrated  sulphuric 
acid,  fuming  nitric  acid,  and  water).  He  warns,  however,  against 
placing  entire  dependence  on  these  tests,  since  some  lots  of  almond  oil 
give  misleading  color  reactions,  and  he  is  still  more  skeptical  of  the  value 
of  the  phloroglucinol-nitric  acid  test. 

Amygdalin  (C2oH270iiN  +  3H2O),  discovered  by  Robiquet  and 
Boutron-Charlard,^  later  was  studied  by  Liebig  and  Wohler,^  and 
much  later  by  E.  Fischer,^  Caldwell  and  Courtauld,^  Walker  and 
Krieble,'^  and  other  investigators.  Although  present  also  in  other  seeds 
of  the  group,  it  is  especially  abundant  in  the  bitter  almond,  the  amount 
varying  according  to  Thoms  «  from  2.5  to  3.5  per  cent.  It  is  split  up  by 
various  reagents  and  by  enzymes  in  the  seed  into  benzaldehyde  (CyHeO), 
glucose,  and  hydrocyanic  acid. 

Benzaldehyde  is  the  chief  constituent  of  the  essential  oil  of  bitter 
almonds,  prepared  by  distillation  from  the  seed. 

^  J.  prakt.  Chem.  1930,  124,  240. 

2Chem.  Tech.  Anal.  Oils,  etc.  1914,  2,  291. 

« Ann.  chim.  phys.  1830,  44,  352. 

^Annalen  1837,  22,  1;  Ann.  chim.  phys.  1837,  64,  185. 

®  Ber.  1894,  27,  2985;  1895,  28,  1508. 

®  J.  Chem.  Soc.  1907,  91,  666. 

^  Ibid.  1909,  96,  1369,  1437. 

®  Real.  Enzy.  ges.  Pharm.  1904,  1,  572. 
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Del  lato  ^  states  that  in  the  bitter  almond  the  free  and  loosely  bound 
hydrocyanic  acid  diminishes  gradually  during  ripening  until  none 
remains  while  the  combined  (glucosidal)  hydrocyanic  acid  increases 
until  the  cotyledons  are  fully  formed,  then  diminishes  during  hardening 
but  does  not  completely  disappear.  In  the  sweet  almond  both  the 
loosely  bound  and  the  glucosidal  hydrocyanic  acid  decrease  as  the 
cotyledons  develop  and  disappear  during  hardening.  The  percentage 
of  protein  nitrogen  in  the  total  nitrogen  increases  up  to  ripeness  but 
diminishes  during  germination.  Amygdalin  appears  to  be  an  inter¬ 
mediate  product  in  the  formation  of  protein  during  ripening.  Owing 
to  the  active  metabolism  in  the  sweet  almond  amygdalin  is  so  rapidly 
utilized  that  none  persists  to  ripeness. 

Enzymes. — A  single  enzyme,  emulsion,  was  formerly  regarded  as  the 
agent  in  the  natural  splitting  up  of  the  glucoside  amygdalin,  but  Fischer 
showed  that  two  enzymes,  amygdalase  and  amygdalinase  (prunase), 
act  successively,  mandelonitrile  (prunasin)  being  an  intermediate 
product. 

Compton  2  believes  that  amygdalin  is  decomposed  in  accordance  with 
one  or  the  other  of  the  following  reactions,  depending  on  circumstances, 
I  being  that  proposed  by  Emil  Fischer  and  II  being  analogous  to  the 
changes  brought  about  in  vicianin  by  almond  emulsin: 


Amygdalin 
I.  C20H27OUN 


Amygdalase 
- - > 


Glucose 
CeH  ijOe 
Mandelonitrile 
(Prunasin) 
CuHnOeN 


Amygdalinase 
(Prunase) 
- > 


Benzaldehyde 

CeHsCHO 

Hydrocyanic  acid 

HCN 

Glucose 

C6H,206 


II.  C20H27OUN 


Amygdalinase 
- , - >  - 


HCN 

Cl2H220n  (?) 
CeHsCHO 


Amygdalase 
- > 


C6H,206 


C6H12O6 


The  presence  of  salicincise  in  the  almond  has  been  demonstrated 
by  Bertrand  and  Compton  ^  and  the  possible  presence  of  salicin 
suggested. 

Mineral  Constituents.— Colby  made  exhaustive  analyses  of  husk, 
shell,  and  kernel.  Although  designed  esp(‘cially  to  show  the  amount 
of  mineral  constituents  taken  from  the  soil  in  a  crop  of  nuts,  they  are  of 
value  in  the  study  of  plant  physiology  and  human  nutrition. 

^  Ann.  staz.  chim.  agr.  sperm.  Roma,  1910,  11,  4,  117. 

2Chem.  News  1912,  106,  163. 

3  Compt.  rend.  1913,  167,  797. 


*  Ix)C.  cit. 
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Composition  of  Ash  of  California  Almonds  (Colby) 


Ash  * 

IC2O 

NaaO 

CaO 

MgO 

Fp203t 

Mn203 

P2O6 

SO3 

Si02 

Cl 

TTiish'  . 

% 

1.83 

1.44 

1.62 

% 

64.83 

64.76 

10.96 

% 

0.74 

2.81 

1 . 8.3 

% 

4. 10 
9.  12 
14.. 53 

% 

5.28 

5.54 

18.31 

% 

4.26 

3.40 

0.78 

% 

0 . 59 

0.42 

0.28 

% 

5.62 
7.76 
48. 13 

% 

1.32 

3.55 

4.64 

% 

12.51 

2.48 

0.24 

% 

0.70 

0.  14 
0.27 

Shell . 

Kernel . 

^  T  *-k  *--v 


Langley  ^  obtained  the  following  percentages  of  constituents  in  the 
ash  of  Chinese  sweet  almonds:  potash  34.60,  soda  trace,  lime  10.70, 
magnesia  13.80,  manganic  oxide  trace,  and  phosphoric  acid  37.50; 
total  96.60  per  cent.  It  should  be  noted  that  he  found  much  more 
potash  and  much  less  phosphoric  acid  than  Colby.  An  analysis  in 
Konig’s  compilation  ^  shows  intermediate  amounts  of  these  constituents. 

Minor  Mineral  Constituents,  /ron.— Peeled  47  mg.  per  kilo,  as  sold  (Hauser- 
mann  quoted  by  Sherman).^ 

Manganese.— Sweet  almonds,  kernel  8.06,  shell  5.3  mg.  per  kilo,  dry  basis 
(Quartaroli).^ 

Copper.— Almond,  sweet  14,  bitter  13  mg.  per  kilo  (Guerithault).^  Sweet,  kernel 
15.15,  shell  3.8  mg.  per  kilo,  dry  basis  (Quartaroli).'* 

Zrnc.— Whole  fresh  almonds  10,  fresh  pericarp  3.8,  dried  kernel  18.5,  dried 
tegument  23.7,  dried  shells  4.2  mg.  per  kilo  (Bertrand  and  Benzon).^ 


PEACH  KERNEL 


Prunus  persica  Sieb  et  Zucc.  =  Amygdalus  persica  L.  =  Persica  vulgaris 

Mill. 


The  fruit  pulp  and  shell  of  the  pit  are  described  in  Volume  II 
MACROSCOPIC  STRUCTURE.-The  seed  resembles  a'  small 
almond  of  the  broader  type.  It  conforms  to  the  general  group  charac- 
ters  described  under  Drupes. 

STRUCTURE.  Spermoderm.  (Fig.  203,  S)  Fig. 
204).  Both  the  sclerenchyma  {st)  and  parenchyma  cells  of  the  outei- 

more),  the  former  as  noted  by  Hannig  ^  showing  pores  only  in  the  inner 

^  Loc.  cit. 


^  Chem.  mensch.  Nahr.-Genussm.  1920,  II,  874. 
®  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  86 
^  Ann.  chim.  appl.  1928,  18,  47. 

®  Compt.  rend.  1920,  171,  196. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

Z.  Unters.  Nahr.-Genussm.  1911,  21,  577. 
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part  so  that  when  focusing  on  the  outer  wall  pores  are  not  evident. 
Young  1  correctly  observes  that  in  addition  to  the  large  sclerenchyma'  ^ 
cells  there  are  smaller  ones  (about  50  m)  arranged  in  rows  adjacent  to  thej  ^ 
bundles.  As  stated  by  AVittmack  and  Buchwald  ^  the  sclerenchyma 
cells  in  cross  section  are  strikingly  conical.  This  feature,  together  with 
the  thickened  non-porous  outer  part  (noted  by  Hannig),  and  the  largeti 
size  suffices  usually  for  their  identification  in  almond  pastes  or  confec¬ 
tionery. 

The  remaining  three  layers  of  the  spermoderm  are  not  distinguishable  t 


Fig.  203.  Fig.  204. 


Fig.  203. — Peach.  Skin  of  seed  in  cross  section.  S  spermoderm:  ep  outer 
epiderm  with  st  sclerenchyma  cells,  p  parenchyma  with/v  fibro- vascular  bundle  and 
cr  crystal  cell,  iep  inner  epiderm.  N  perisperm.  E  endosperm:  al  aleurone  cells, 
t  compressed  parenchyma.  XlCO.  (K.B.W.) 

Fig.  204. — Peach.  Outer  epiderm  of  spermoderm  in  surface  view  showing 
outer  and  inner  focus  of  sclerenchyma  cells,  also  st^  chain  of  small  sclerenchyma 
cells.  XlOO.  (K.B.W.) 


from  the  corresponding  layers  of  the  nectarine,  almond,  apricot,  and 
plum. 

Perisperm  (Fig.  203,  N). — Compressed  cells  forming  in  cross  section  a 
hyaline  band. 

Endosperm  (Fig.  203,  E). — Usually  the  aleurone  cells  (al)  of  the  outer 
layer  are  only  one  to  three  thick.  The  inner  endosperm  is  of  compressed 
cells  (i)  forming  a  colorless  band. 

Embryo. — As  in  other  drupes. 

Chief  Structural  Characters. — Epidermal  sclerenchyma  cells 
of  spermoderm  conical,  mostly  large,  less  often  small  in  rows,  outer  wall 

1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160. 

*  B.  deut.  bot.  Ges.  1901,  19,  584. 
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thickened  but  not  porous.  Aleurone  cells  of  endosperm  one  to  three 
cells  thick. 

CHEMICAL  COMPOSITION.— Meager  information  on  the  compo¬ 
sition  of  the  kernels  and  of  the  residues  from  the  manufacture  of  the  fatty 
oil  and  the  volatile  oil  is  on  record, 

Alpers  ^  states  that  the  kernel  forms  only  5.7  per  cent  of  the  pit  and 
that  it  contains  45.45  per  cent  of  fatty  oil  and  26.01  per  cent  of  protein. 
Rabak  ^  gives  39.5  per  cent  as  the  yield  of  fatty  oil  in  the  kernel. 

Proteins. — The  chief  protein  is  the  globulin  amandin,  the  ultimate 
analysis  of  which,  according  to  Osborne,^  corresponds  so  closely  wdth  that 
from  the  almond  as  to  warrant  his  conclusion  that  the  two  globulins  are 
identical.  He  found  in  his  preparation: 


% 

Carbon .  51.30 

Hydrogen .  6.90 

Nitrogen .  19.32 

Sulphur .  0.44 

Oxygen .  22.04 


100.00 


Fatty  Oil.  Physical  and  Chemical  Values. — The  following  limits  are 
based  on  results  by  De  Negri  and  FabriSj^^  Micko,^  and  Alpers:  ^ 


Sp.  gr. 
15.5°  C. 

Refractive 
index  25°  C. 

Solidifying 

point 

Saponifica¬ 
tion  No. 

Iodine 

No. 

Min . 

0.918 

0.923 

1.4695 

1.4705 

°C. 

-20 

-10 

187 

193 

92 

110 

Max . 

Volatile  Oil.-A  sample  distilled  by  Rabak  ^  showed  specific  gravity 

at  25  C.  1.068,  hydrocyanic  acid  2.20  per  cent,  and  benzaldehyde  73.1 
per  CGnt.  \ 


Amygdalin.— See  Almond. 
According  to  Thoms, ^  2.35 
kernel. 


per  cent  of  amygdalin  is  present  in  the 


^  Z.  Unters.  Nahr.-Genussm.  1917,  34,  433. 

*U.  S.  Dept.  Agr.,  Bur.  Plant  Ind.  1908,  Bui. 

®  Connecticut  Agr.  Exp.  Sta.  Rep.  1895,  p.  28^ 
^  Ann.  chim.  centr.  Gabelle,  2,  Gli  Olii,  1891,  1 
®Z.  allg.  oesterr.  Apoth.-Ver.  1893,  31,  175.  ’ 

®  Real-Enzy.  ges.  Pharm.  1904,  1,  572. 


Z.  anal.  Chem.  1894,  33,  547. 
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Huber  ^  determined  the  hydrocyanic  acid  formed  in  the  kernel  by 
enzyme  action  and  from  this  the  equivalent  amount  of  amygdalin  with 
average  results  respectively  as  follows:  0.151  and  2.65  per  cent. 


NECTARINE  KERNEL 

Pniniis  Persica  var.  nucipcrsica  Schneid.  =  Persica  niicipersica 

Borkh. 

The  fruit  flesh  is  described  in  Volume  II. 

MACROSCOPIC  STRUCTURE.— The  pit  is  like  that  of  the  peach. 

MICROSCOPIC  STRUCTURE.  Spermoderm.— The  sclerenchyma 
cells  of  the  outer  epiderm  are  about  the  same  diameter  at  the  ba^se  and 
often  of  the  same  conical  shape  as  those  of  the  peach  but  some  have 
much  greater  radial  elongation,  reaching  often  400  p  for  cells  with  a 
basal  diameter  of  scarcely  100  ju.  These  much-elongated  cells  taper 
gradually  to  a  truncated  end,  the  wall  of  which  is  not  greatly  thickened. 
Among  the  conical  sclerenchyma  cells  with  thick  outer  walls  similar  to 
those  of  the  peach  are  some  which  like  the  plum  have  pores  in  the  outer 
walls. 

Endosperm. — The  aleurone  layer  varies  in  thickness  up  to  eight  or 
ten  cells.  It  thus  appears  that  the  structure  of  both  the  outer  epiderm 
of  the  spermoderm  and  the  endosperm  is  intermediate  between  that  of 
the  peach  and  the  plum. 

Embryo. — As  in  other  drupes. 

Chief  Structural  Characters. — Epidermal  sclerenchyma  cells 
of  spermoderm  partly  conical  wdth  thick,  porous  outer  half,  partly 
radially  elongated  up  to  400  p.  Aleurone  layer  of  endosperm  varies 
in  thickness  up  to  eight  or  ten  cells.  Distinctions  from  other  members 
of  the  group  noted  under  Drupes. 

APRICOT  KERNEL 

Prunus  Armeniaca  L.  =  Armeniaca  vulgaris  Lam. 

A  full  description  of  the  edible  fruit  is  given  in  Volume  II. 

MACROSCOPIC  STRUCTURE.— The  bitter-tasting  seed  is  rounded 
or  hoart-shaped,  about  equal  in  length  and  breadth.  Although  often  as 
broad  as  the  almond  kernel,  it  is  much  shorter.  .  In  general  .structure  it 

conforms  to  the  almond  and  other  drupes. 

MICROSCOPIC  STRUCTURE.  Spermoderm  (Fig.  205,  h;  ng- 
206). — Only  the  sclerenchyma  cells  {st)  of  the  outer  epiderm  {ep)  are  no  ice 

1  Landw.  Vers.-Stat.  1911,  76,  4G2. 
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ably  different  in  the  apricot  from  those  in  other  drupes.  Surface 
mounts  show  that  these  sclerenchyma  cells  are  smaller  than  many 
found  in  the  almond  and  peach  but  about  the  same  size  as  those  of  the 
plum.  From  the  latter  they  are  distinguished  by  the  dome-shaped,  not 
thickened,  outer  wall,  as  seen  in  cross  section.  This  outer  wall  is  porous 
as  in  the  plum  and  nectarine. 

Perisperm  (Fig.  205,  N). — Compressed  cells  as  in  other  drupes. 

Endosperm  (Fig.  205,  E). — A  layer  of  aleurone  cells  (al),  only  one 
cell  thick,  and  a  layer  of  compressed  cells  (i)  are  present,  whereas  in  the 


Fig.  205. 


Fig.  206. 


epil'rm  wkh  ^P^rmoderm:  ep  outer 

ifpInTer  ele  m  >  fihro-vaecular  bundle, 

P  pderm.  N  perisperm.  E  endosperm:  al  aleurone  cells,  i  compressed 

parenchyma.  X160.  (K.B.W.)  eompressea 

outer sP«™oderm  in  surface  view  showing 

d  innei  focus  of  sclerenchyma  cells.  XI 60.  (K.B.W.) 


plum  the  aleurone  layer  may  reach  twenty  cells 
of  the  seed. 


in  thickness  on  the  sides 


Embryo. — As  in  the  plum. 

of  ^permodtr^maT 

Aleurone  cells  of  end;sperr  Th iek 

members  of  the  group  noted  undL  Drupef '  other 

Sehae“t.  waterTsf 


'Pharm.  Zentralb.  1911,  62,  507. 

Z.  Unters.  Nahr.-Genussm.  1917,  34,  433 
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Ueno  *  in  the  kernels  of  Mongolian  apricot  pits  (forming  66.7  per 
cent  of  the  pits)  and  Chinese  apricot  pits  found  respectively:  water  7.89 
and  2.79,  oil  54.02  and  53.03  per  cent.  In  the  dry  kernel  of  Roumanian 
apricots  Mircescu  ^  found  58  per  cent  of  oil. 

Fatty  Oil.  Physical  ai\d  Chemical  Values. — The  following  have 
been  compiled  from  various  sources,  including  those  named  above;  also  ' 
I)e  Negri  and  Fabris  and  Micko  (see  Peach) :  , 


-  i 


Sp.  sr- 
15.5°  C. 

Refrac. 
index 
25°  C. 

Solidify¬ 
ing  point 

Saponi¬ 
fication 
•  No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Hehner 

No. 

Min . 

0.917 

1 .4091* 

°C. 

-20 

188 

95 

1.07 

73.5 

Max . 

0.921 

1 .4730 

5 

199'' 

109 

1.07 

73.5 

*  Hosonthaler  and  Schaeffer  report  1.4617. 


A  single  sample  used  by  Heiduschka  and  Wiesemann^  for  de¬ 
termining  the  composition  of  the  fatty  acids  gave:  specific  gravity  at 
15°  C.  0.9181,  refractive  index  at  25°  C.  1.4697,  optical  rotation  in 
100-mm.  tube  -0.07,  iodine  number  101.6,  Polenske  number  0,  acid’ 
number  3.26,  glycerol  10.73  per  cent,  and  unsaponifiable  matter  0.43 

per  cent. 

Ueno’s  values  for  Japanese  oW  and  for  Mongolian  oiF  fall  within  the 
above  limits,  but  those  for  the  Chinese  oil  do  not,  being  as  follows: 
specific  gravity  at  15.5°  C.  0.910,  refractive  index  at  25°  C.  1.4641, 
saponification  number  182.3,  and  iodine  number  90.4. 

Mircescu  ^  reports  74.04  per  cent  of  liquid  acids  melting  at  -10  to 
0°  C.  and  14.34  per  cent  of  solid  acids  melting  at  22  to  33°  C. 

Composition.— FoWowin^  is  the  composition  of  the  total  fatty  acids  , 
as  determined  by  Heiduschka  and  Wiesemann,  following  the  alcoholic 
lead  salt  and  the  hexabromide  methods: 

Palmitic  acid . 

Oleic  acid .... 

Linolic  acid. . 

Linolenic  acid 

100.00 

1  J.  Chem.  Ind.  Japan  1918,  21,  525. 

2  Bui.  soc.  chim.  Romania  1920,  8,  28. 

3  J.  prakt.  Chem.  1930,  124,  240. 

4  J.  Chem.  Ind.  Japan  1913,  16,  056. 
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Enzymes. — Traetta-Mosca,  Papocchia,  and  Galimberti/  found 
emulsin  present  in  all  stages  of  ripening.  Willstatter  and  Csanyi,^ 
after  a  study  of  emulsin  reactions,  conclude  that  their  preparations 
made  from  both  apricots  and  bitter  almond  kernels  contained  several 
enzymes  that  serve  to  decompose  glucosides  and  polyoses. 


PLUM  KERNEL 


Prunus  domestica  L.  =  P.  communis  Huds. 


Classification  of  plums,  also  the  structure  and  composition  of  their 
fruit  tissues  and  endocarp,  are  treated  in  Volume  II. 

MACROSCOPIC  STRUCTURE. — The  seed  varies  in  the  ratio 
of  length  to  breadth  but  is  usually  narrower  than  those  of  the  apricot 


Fig.  207. 


Fig.  208. 


Fig.  207.-European  Plum.  Skin  of  seed  in  cross  section.  S'  spermoderm: 
ep  outer  epiderm  with  si  sclerenchyma  cells,  p  parenchyma  with  fv  fibro-vascular 
bundle  and  cr  crystal  cell,  icp  inner  epiderm.  iV  perisperm.  £  endosperm:  ai 
aieurone  cells,  i  compressed  parenchyma.  X160.  (K.B.W  ) 

Fig.  208.-European  Plum.  Outer  epiderm  of  spermoderm  in  surface  view 
showing  si*  outer  and  sf‘  inner  focus  of  sclerenchyma  cells.  X  ICO.  (K.B.WO 


and  peach  and  is  much  .smaller  than  that  of  the  almond.  It  is  more 
or  less  pointed  at  the  radicle  end. 

STRUCTURE.  Spermoderm  (Fig.  207,  S;  Fig. 

nof  ? epiderm  (cp  o  large 
polygonal,  thm-walled  cells  and  conical  sclerenchyma  cells  (it)  with  thick 

porous  outer  walls,  (2)  subepiderm  of  thin-waHed  polygona7  Ills  3)’ 

parenchyma  (p),  sometimes  with  crystal  rosettes  (cr  thro,  b 
which  run  the  fibro-vascular  bundles  (fv)  and  7  77  7 

of  small,  polygonal,  thin-walled  cell  ’  ^ 


^  Ann.  chim.  appl.  1923,  13,  333. 

*  Z.  physiol.  Chem.  1921,  117,  172, 
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Characteristic  of  the  epidermal  sclerenchyma  cells  is  their  small  size, 
conical  form,  and  thickened  outer  walls  with  pores.  In  neither  the 
almond  nor  the  peach  are  pores  present  in  the  outer  wall,  although  in  the 
peach  the  outer  walls  are  thickened  and  conical.  On  the  other  hand, 
pores  occur  in  the  outer  walls  of  the  sclerenchyma  cells  of  the  apricot 
and  nectarine  but  these  walls  in  the  apricot  are  thin  and  the  cells, 
although  small,  are  dome-shaped,  not  conical,  whereas  in  the  nectarine, 
except  for  the  pores,  the  cells  are  of  the  peach  type.  Neither  the  plum 
nor  the  apricot  has  such  large  sclerenchyma  cells  as  the  almond,  the 
peach,  and  the  nectarine.  Observed  in  surface  mounts  (Fig.  208),  the 
sclerenchjTna  cells,  whether  the  focus  is  on  the  outer  or  the  inner 
wall,  present  a  characteristic  appearance  because  of  the  points  men¬ 
tioned. 


The  other  spermoderm  layers  are  not  distinguishable  from  the  cor¬ 
responding  layers  of  the  almond,  peach,  nectarine,  and  apricot. 

Perisperm  (Fig.  207,  N). — In  cross  section  this  forms  a  band  of  com¬ 
pressed  tissue. 

Endosperm  (Fig.  207,  E).—As  many  as  fifteen  to  twenty  layers  of 
aleurone  cells  (al)  are  present  on  the  broad  side  of  the  seed,  diminishing 
to  one  or  two  on  the  edges.  Within  this  is  a  band  of  compressed  paren¬ 
chyma  {i). 

Embryo— Longitudinally  elongated  cells  form  the  outer  epiderm  of 
the  cotyledons.  The  remaining  cells  are  isodiametric-rounded  with 
small  intercellular  spaces  at  the  angles.  The  visible  contents  are 
aleurone  grains  and  fat.  In  the  epiderm  the  aleurone  grains  are  small 
(up  to  5  ju)>  further  inward  each  cell  contains  in  addition  a  larger 
grain  (up  to  20  n).  Globoids  are  present  in  both  large  and  small 
grains  and  a  crystalloid  or  calcium  oxalate  rosette  in  each  of  the  large 

grains.  ' 

Chief  Structural  Characters. — Epidermal  sclerenchyma  cells 

of  spermoderm  small,  conical,  with  porous,  thickened  outer  walls. 

Aleurone  cells  of  endospenn  varying  from  one  or  two  cells  in  thickness 

on  edge  to  twenty  on  broad  side  of  seed.  Distinctions  from  other 

members  of  the  group  noted  under  Drupes. 

CHEMICAL  COMPOSITION.— The  data  on  the  percentage  of  the 
parts  and  the  composition  of  the  kernel  tabulated  on  the  following 

page  arc  by  Feruglio  and  Bernardis  ‘  and  Alpers;  ^  ,  .he 

Kassner^  secured  a  yield  of  24.48  per  cent  of  c.xpresscd  oil  from  the 


dried  pits. 


1  Bol.  ass.  agr.  fruil.  1910,  31,  5(). 

2Z.  Unters.  Nahr.-Genussm.  1917,  34,  433. 
3  Arch.  Pharrn.  1918,  266,  106. 
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Samples 

Pit  in 
fruit 

Kernel  in 
pit 

Water  in 
kernel 

Protein 
in  kernel 

Oil  in 
kernel 

% 

% 

% 

% 

% 

F.  and  B. : 

Min . 

24.81 

42.61 

Max . 

4.82 

26.7 

26.81 

45.69 

Alpers: 

22 

Min . 

2.3 

5.00 

3.06 

21.36 

26  72 

Max . 

6.0 

22.20 

17  76 

33  61 

49  57 

Aver . 

4.1 

12.66 

9.17 

23.78 

37  38 

Fatty  Oil.  Physical  a7id  Chemical  Values. — The  following  limits 
are  based  on  results  by  De  Negri  and  Fabris  and  by  Micko  (see  Peach) 
and  Alpers :  ^ 


Min. 

Max 


Cp.  gr. 
15.5°  C. 

Refractive 
index  25°  C. 

Solidifying 

point 

Saponifica¬ 
tion  No. 

Iodine  No. 

°C. 

0.912 

1 . 4679 

-10 

189 

91 

0.922 

1.4701 

-5 

192 

121* 

*  This  result  by  Alpers;  the  maximum  of  other  authors  is  109. 


Feruglio  and  Bernardis^  note  that  the  values  differ  little  from  those 
of  olive  oil  and  that  the  oil  consists  largely  of  glycerides  of  oleic  acid  with 
small  amounts  of  glycerides  of  linolic  and  palmitic  acids. 

Amygdalin. — See  Almond. 


Thoms  3  reports  0.96  per  cent  of  amygdalin  in  the  kernel. 

Huber  •»  determined  the  hydrocyanic  acid  formed  in  the  kernel  bv 
enzyme  action  and  from  this  the  equivalent  amount  of  amygdalin  with 
average  results  respectively  as  follows;  small  blue  plum  0.278  and  4  70 
large  yellow-green  gage  0.297  and  5.03,  small  German  prune  0  171  and 
2.89,  and  large  Welch  plum  0.257  and  4.33  per  cent 

HelferirA';A^“"'i"  ‘^““^nt  as  to  lead 

Helterich  to  choose  this  material  for  its  preparation 


^  Loc.  cit. 

*Loc.  cit. 

®ReaI.  Enzy.  ges.  Pharm.  1904,  1,  572. 
*  Landw.  Vers.-Stat.  1911,  76,  462. 
physiol.  Chem.  1921,  117,  159^ 
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SWEET  CHERRY  KERNEL 

Prunus  avium  L.  =  P.  Cerasus  L.  var.  avium  L.  =  C.  avium  Moench. 

The  fruit  flesh  and  endocarp  (or  shell  of  pit)  are  described  in 
Volume  II. 

MACROSCOPIC  STRUCTURE  . — The  kernel  or  seed  is  globular, 
smooth,  and  so  small  as  to  render  utilization,  except  perhaps  for  oil 
manufacture  by  extraction,  impracticable. 

MICROSCOPIC  STRUCTURE.  Spermoderm.  (Fig.  209,  *S).— 
Especially  characteristic  is  the  presence  of  sclcrenchyma  cells  in  the 

subepiderm  as  well  as  in 
the  outer  epiderm.  This 
distinguishes  both  sweet 
and  sour  cherries  from  the 
larger  drupes. 

In  surface  view  the  scle- 
renchyma  cells  of  the  epi- 
P  derm  are  large,  more  angular 
than  in  the  larger  drupes. 

Fig.  209.— Sweet  Cherry.  Skin  of  seed  in  cross  section.  may  eveu  liave  projeC- 

S  spermoderm:  ep  outer  epiderm  with  ^j^nS  at  the  angles.  CrOSS 

cells,  sub  subepiderm.  p  parenchyma  with  fv  fibro-  ^  _ 

vascular  bundle  and  cr  crystal  cell,  iep  inner  epiderm.  gectlOnS  (cp)  bring  OUt  prO- 
N  perisperm.  E  endosperm:  al  aleurone  cells,  t  com-  •  ^aSC  and 

pre..ed  parenchyma.  X  1«).  <K.H.  .) 

making  the  whole  cell  hat-shaped,  also  the  thickening  of  the  walls^ 
all  sides  and  the  pores  present  sometimes  m  the  outer  as  "f*' ^ 
inner  wall.  Unlike  the  sour  eherry,  the  radial  diameter  of  the  cells  of  en 
equals  the  breadth.  Another  distinction  from  the  sour  cherry  lies  m  the 

*^*'scler'enchyma  cells  occur  in  patches  in  the  subepiderm  (sub).  They 
are  in  the  parenchyma  of  the  sour  cherry. 

(iia  *  ",  p,„,  .h. 

the  flat  sides  of  the  seed. 

—Much  as  in  other  drupes. 
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thick- walled  on  all  sides,  outer  wall  sometimes  porous;  subepidermal 
sclerenchyma  cells  numerous,  rather  thin- walled,  porous  throughout 
(subepidermal  sclerenchyma  cells  absent  in  other  drupes).  Aleurone 
cells  of  endosperm  one  cell  thick  on  edge  of  seed,  several  thick  on 
flat  side.  - 

CHEMICAL  COMPOSITION. — Alpers  ^  examined  13  samples  with 
the  following  results : 


Kernel  in  stone 

Water  in 
kernel  * 

Protein  in 
kernel  * 

Fat  in  kernel 

% 

% 

% 

% 

Min . 

16.28 

5.36 

23.27 

35.30 

Max . 

33.00 

7.80 

33.40 

43.30 

Aver . 

22  93 

6  30 

28  01 

38.71 

*  Ten  samples. 


Maxwell  ^  obtained  37.6  per  cent  of  fatty  oil  in  the  kernel  by  ether 
extraction. 


Fatty  Oil.— The  Physical  and  Chemical  Values  of  the  fatty  oil  of  the 
kernel  have  been  determined  by  the  authors  named  above  and  by 
De  Negri  and  Fabris  and  by  Micko  (see  Peach) : 


Sp.  gr. 
15.5°  C. 

Refractive 
index 
25°  C. 

Solidifying 

point 

Sapon. 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

Min . 

0.921 

0.938 

1.4751 

1.4766 

°C. 

-20 

-19 

193 

195 

110.0 

122.6 

°C. 

13 

15 

Max . 

t 

As  m  the  case  of  plum  kernel  oil,  the  highest  iodine 
Ipers;  the  results  of  other  observers  fall  below  115 
Amygdalin.— See  Almond. 


number  is 


Thoms  3  states  that  the  kernel  contains  0.82  per  cent  of  amvn-HnU 
Enzymes.-Huber^  determined  the  hydrocyanic  S  forSn  he 
kernel  by  enzyme  action  and  from  this  the  equivalent  amount  3  amyg! 

‘Z,  Unters.  Nahr.-Genussm.  1917  34 
^Chem.  News  1918,  117,  122. 

’Real.  Enzy.  ges.  Pharm.  1904,  1,  572. 

^Landw.  Vers.-Stat.  1911,  76,  462. 
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thilin  with  average  results  respectively  as  follows:  0.112  and  1.91  per 
cent. 

Traetta-Mosca,  Papocchia,  and  Galimberti  ^  found  emulmi  present 
in  all  stages  of  growth. 

SOUR  CHERRY  KERNEL 

Prunus  Ccrasus  L.  =  Cerasus  vulgaris  Mill. 

See  Volume  II  for  description  of  fruit  flesh. 

The  stnicture  of  the  kernel  differs  from  that  of  the  sweet  cherry  in 
that  the  sclerenchyma  cells  of  the  spermoderm  are  relatively  lower  and 
thinner-walled  and  the  parenchyma  layer  contains  a  greater  number  of 
oxalate  crystals. 

^  Anil.  chim.  uppl.  1923,  13,  333. 
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SEEDS  OF  THE  PEA  FAMILY 


{Leguminosse) 

Two  species  of  this  family,  the  peanut  and  soy  bean,  although 
valuable  also  for  their  edible  seeds  and  as  forage  plants,  are  among  the 
leading  species  yielding  vegetable  oil. 

Characteristics  of  the  group  and  of  the  seeds  of  the  garden  species  are 
described  in  Volume  II  under  Vegetables,  the  plants  used  for  forage,  in 
this  volume  under  Forage  Legumes. 

COMPARATIVE  CHEMICAL  COMPOSITION.— The  two  oil  seeds 

of  this  group  are  radically  different  in  their  ratios  of  protein  to  fat 

and  also  in  the  percentage  composition  of  the  fat,  although  qualitatively 

much  alike.  Shelled  peanuts  average  1,5  times  as  much  fat  as  protein 

whereas  soy  bean  contains  2.5  times  as  much  protein  as  fat.  ' 

ftoteins.— The  chief  proteins  of  the  peanut  are  arachin  and  con- 

arachin  both  globulins;  the  chief  protein  of  the  soy  bean  is  glycenin 
also  a  globulin.  ’ 

number  of  90  to  95,  soy  oil  of  115  to 
.  eanut  oil  contains  53  to  61  per  cent  of  olein  and  22  to  25  per  cent 

5  pTr  ^rST'  r  “d  50  to 

reveUapply 

soy  b7a^SsX'c;VlL?nr^^ 


PEANUT 

Arachis  hypogsea  L. 

Fr.  Arachide.  Sp.  Cacahuate.  It.  Arachide.  Ger.  Erdnuss 

--  the  mo. 

valuable  for  food,  <  and  fot^  “d  one  of  the  mo. 

tropics  and  the  wanner  regions  of  the  ImpeTalrnr 

ThroSTtte  SrStlTes^'heram  I"  'Td 

apparatus  maintained  by  venders  and  sold"  fhe  sherlfte^whiteS 
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They  are  also  roasted  on  a  large  scale  and  shelled  by  machinery.  The 
meats  are  consumed  in  large  quantities  merely  salted,  also  in  confec¬ 
tionery,  cakes,  and .  biscuits.  Peanuts  ground  to  a  paste,  known  as 
“  peanut  butter,”  furnish  a  modern  spread  for  bread.  Peanut  shells 
have  been  used  to  adulterate  feed  stuffs. 

Small-seeded  Spanish  and  African  varieties  are  largely  used  for  oil 
production,  although  Spanish  peanuts  are  successfully  grown  on  a  small 
scale  in  the  latitude  of  New  York  for  roasting  nuts.  The  cake  obtained 
as  a  by-product  is  used  in  some  countries,  notably  Spain,  for  human  food 
but  is  most  widely  known  as  a  concentrated  cattle  food. 

The  stalks,  leaves,  and  immature  pods  are  dried  as  hay.  See  Part  III, 


Fig.  211. 


Fio.  210. 


Fig.  210.  Peanut.  Fruit.  XL  (A.L.W.) 

Fig.  211. — Peanut.  Fruit  in  cross  section.  Pericarp:  nies  outer  mesocarp,  /’ 
fil>er  layer,  p  inner  parenchyma  of  mesocarp,  fv  fihro-viU'^cular  bundle.  S  spermo-n 
derm.  C  cotyledon.  X4.  (A.L.W  .) 

Forage  Plants,  where  the  structure  and  compoGition  of  the  leaves, 
stalk,  and  flowers  are  described. 


MACROSCOPIC  STRUCTURE  (Figs.  210  and  211).— Peanuts  are^ 
one-  to  several-seeded  pods  which,  after  fertilization  of  the  ovules,  have^ 
}»eeTi  forced  under  ground  by  the  subsequent  growth  downward  of  a. 


coat  of  the  pod.  A  fibro-vascular  buna 
the  fibers  of  the  ridges.  On  the  inner 
silky  luster  (p). 
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!  Owing  to  crowding  during  growth,  the  adjoining  ends  of  the  seedn 
\  are  flattened,  usually  diagonally.  The  small  hilum  of  each  seed  is  in  the 
I  end  nearest  the  stem  of  the  pod,  the  chalaza  near  the  other  end.  Envelop¬ 
ing  each  seed  is  a  thin  skin  (*S),  copper-colored,  brown,  or  purple  on  the 
I  outer,  yellow  or  white  on  the  inner  side.  This  consists  chiefly  of  sper- 
’  inoderm  with  an  inner  layer  believed  to  be  endosperm.  In  this  skin  the 
I  raphe  and  its  branches — about  flve — radiating  from  the  chalaza  are 
I  evident  as  veins.  Each  of  the  elongated  cotyledons  (C)  has  a  longi- 
I  tudinal  groove  through  the  middle  of  the  inner  side.  The  radicle  is 
short  and  not  recurved. 

MICROSCOPIC  STRUCTURE. — Moeller,^  Vogl,“  and  Hanausek'^ 
confined  their  descriptions  to  the  seed;  Bohmer,^  Kobus,^  Uhlitzsch,^ 


Fig.  212. — Peanut. 
h  hair;  hy  hypoderm; 
nally  elongated  fibers; 
fibro-vascular  bundle. 


Pericarp  m  cross  section  through  a  rib.  ep  epicarp  with 
mes  mesocarp;  qf  transversely  elongated  fibers;  If  longitudi- 


and  Collin  and  Perrot  ^  included  also  the  pericarp;  Winton  «  brought  to 
otice  the  root  hairs  and  branching  fibers  of  the  pericarp 

Pencarp.-In  cross  section  (Fig.  212)  the  tissues  are  seen  to  form  five 

!  WVh?"  Nahr-Genussm.  Berlin,  2  Aufl.  1905,  p.  288 
icht.  Nahr.  Genussni.  Berlin,  1899,  p.  239. 

Microscopy  of  Technical  Products.  New  York,  1907  p  389 

Dammer’s  Lexikon,  p.  680.  »  p.  dsy. 

Landw.  Jahrb.  1884,  13,  813. 

®  Landw.  Vers.-Stat.  1892,  41,  385 
'  Les  rc^idus  industriels.  Paris,  1904,  p.  223 
Connecticut  Agr.  Exp.  Sta.  Rep.  1904,  p  I9i 
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layers:  (1)  epicarp  (ep)  of  exceedingly  thin-vvalled  cells,  many  with 
t\'pical  root  hairs  (/i),  (2)  hypoderm  (hy)  of  more  or  less  rectangular 
cells,  thin-walled  and  non-poroiis  without,  thicker-walled  and  porous 
within,  in  cork-like  radial  rows,  (3)  rnesocarp  {men)  or  outer  parenchyma, 
interrupted  by  the  ridges,  (4)  fiber  layer  of  transversely  {qf)  and  longi¬ 
tudinally  (//)  elongated  simple  fibers  and  curious  T-shaped  forms,  form¬ 
ing  the  channeled  ridges  in  which  run  the  fibro-vascular  bundles,  and 
(5)  inner  parenchyma  (/;)  of  pith-like,  thin-walled,  rounded  cells,  with 
intercellular  spaces  at  the  angles,  collapsed  at  maturity. 

Hairs  of  the  root  type  proceeding  from  the  center  of  epicarp  cells 
without  partitions  are  unique  whether  or  not  these  function  as  absorp¬ 
tive  organs.  They  are  largely  rubbed  off  in  cleaning  and  handling. 
The  absence  of  stomata  and  chlorophyl  grains  shows  that  photosyn¬ 
thetic  power  is  lacking. 

Great  diversity  of  form,  best  seen  in  macerated  material,  character¬ 


izes  the  elements  of  the  fiber  layer.  The  fibers  of  one  group,  such  as 
shown  in  Fig.  213  (/),  lie  in  between  the  saw-teeth  of  a  crossing  layer  (2). 
The  T-shaped  forms  (/),  often  occurring  in  series,  serve  to  strengthen  the 
ridges.  Halberd-shaped  {h),  grotesque  (g),  and  thin-w'alled  (d)  fibers, 

as  w’ell  as  typical  stone  cells  (k)  also  occur. 

The  bast  fibers  (Fig.  212,  6),  in  the  group  outside  the  fibro-vascular 
bundle,  are  of  small  diameter.  Vessels  of  various  types  form  the  xylem 

{xy)  and  typical  elements  the  phloem  (ph). 

Spermoderm  (Fig.  214  .S;  Fig.  215).— Although  modified  in  some 
degree  the  tissues  are  of  the  leguminous  type  and  form  four  layers:  (1) 
outer  epiderm  (aep)  corresponding  to  the  palisade  cells  of  other  legumes 
but  not  so  high,  up  to  25  m,  and  broader,  up  to  50  /x,  with  thick,  porous 
walls  in  the  outer  part,  (2)  subepiderm  (p^)  of  thin-walled  polygona  - 
celled  parenchyma  (not  spool-shaped),  (3)  spongy  parenchyma  varying 
from  the  usual  type  (p^)  with  moderate-sized  intercellular  spaces  to 
striking  narrow  branched  cells  {p^),  and  (4)  inner  epiderm  brought  out  in 
both  cross  sections  and  scrapings  by  bleaching  with  Javelle  water  and 

Surface  preparations  of  the  outer  epiderm  show  strikingly  the  thick, 
porous  radial  walls  and  the  broad  lumen.  A  sclerenchyma  group 

beneath  the  hilum  slit  is  not  evident. 

Quite  possibly  further  investigation  may  show  that  the  layer 
described  L  inner  epiderm  may  be  perisperm.  In  surface  view  the  cells 

are  usually  quadnlateral  often  „,„derately 

Fndosoerm  (Figs.  214  and  215,  TV).— a  single 

thick-walled  cells  with  slightly  wavy  contour  ^  ’  xhisTayer  was 

skin.  Hanaiisek  found  corroded  crystals  in  the  cells. 
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regarded  by  Plarz  as  endosperm,  by  Bohmer  as  inner  epiderm  of  the 
spermoderm,  and  by  Vogl,  Collin  and  Perrot,  and  Winton  as  perisperm, 
but  is  here  considered  to  be  endosperm,  analogous  to  the  corresponding 
layer  of  certain  other  legumes. 

Embryo  (Figs.  214  and  215). — The  epiderma  {ep)  of  the  cotyledon 
(C)  consist  of  tangentially  elongated  cells  with  minute  aleurone  grains 


f  of  ‘ho  pericarp,  a,  6  cells  of  hynode 

/,  .2,  A;,  h,  t,  d,  g  elements  of  the  fiber  layer.  X160.  (A.L  W  ) 


and  stomata  (sto)  with  small  starch  grains  in  the  guard  cells  The 
ackmg.  Starch  grains  up  to  15  m  of  globular  form  with  a  central  hilum 

it  1"  hTam  t? "T  "r  the 

gesi,  and  lat  are  the  evident  contents, 
late?  drv  CHARACTERS.-Pericarp  buff  or  orange,  reticu- 
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Epicarp  with  root  hairs;  inner  hypoderm  cells  rectangular  and 
porous;  fibers  in  crossing  groups,  T-shaped,  toothed,  halberd-shaped, 


Fig.  214. —  I’eiinut.  Seed  in  cross  section.  S  spermoderm:  aep  outer  epiderrn, 
subepiderni,  p-,  p^  spongy  parenchynui,  iep  inner  epiderni,  g  fihro-vfiscular  bundle 
of  raphe.  X  endosperm.  C  cotyledon:  ep  outer  epiderin  with  sto  stoma,  st  starch 
grains,  al  aleurone  grains.  XlbO.  (.\.L.\V.) 


Fig.  215. — Peanut.  Elements 
outer  epiderrn,  yd  subei)iderm, 
iep  inner  epiderrn.  X  endosperm. 
XlbO.  (A.L.W.) 


of  seed  in  surface  view.  Spermoderm:  aep 
p^  spongy  parenchyma,  g  fibro-viiscular  bundle, 
cp  outer  epiderrn  of  cotyledon  with  sto  stoma. 


etc  thick-  and  thin-vvallcd;  outer  epidenn  of  spermoderm  low  up  to 
25  und  broad,  up  to  50  n,  porous,  with  broad  lumen;  subepiderm 
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polygonal  cells;  inner  parenchyma  with  narrow  branches;  endosperm 
of  single  layer;  cotyledons  with  epiderms  of  tangentially  elongated 
cells  and  stomata;  mesophyl  cells  with  thick,  porous  walls,  containing 
globular  starch  grains  and  aleurone  grains  both  up  to  15  ji. 

CHEMICAL  COMPOSITION. — Although  no  extensive  series  of 
analyses  of  peanuts  and  peanut  oils  of  knowm  purity  and  widely  dis¬ 
tributed  source  is  available,  reliable  data  are  at  hand  on  the  composition 
of  the  products  and  by-products  showing  the  value  of  the  peanut  kernel, 
oil,  and  butter  for  human  food  and  of  the  cake  and  hay  for  cattle  food, 
also  the  nutritive  worthlessness  of  peanut  shells.  Ash  analyses  of  these 
are  of  interest  to  the  agriculturist  and  nutritionist  alike. 

Shelled  Peanuts.  The  figures  in  the  table  below,  showing  the  per¬ 
centages  of  shells  in  the  whole  nut  and  the  composition  of  the  shelled 
nut  or  kernel,  are  on  the  authority  of  Dietrich,  Hesse,  and  Greitherr,^ 
Brown,  2  White, ^  Kilgore, and  Woods  and  Merrill ;  ^ 


Composition  of  Shelled  Peanuts 


Shells 

% 

Dietrich,  Hesse  and 

Greitherr: 

Bombay. . . . 

Congo. .  . 

Rufisque.  .  . 

Brown : 

Tennessee  1888 . 

Tennessee  1889. 

White: 

Spanish.  .  . 

22 

Georgia . 

27 

Kilgore . 

28.8 

Woods  and  Merrill: 

Fresh  nuts. . . . 

28.0 

Roasted  nuts 

32.6 

*  Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

% 

% 

% 

% 

% 

7.71 

31.12 

46.56 

9.39 

2.16 

5.01 

26 . 62 

50.22 

14.09 

1.47 

4.59 

28.37 

50.08 

13.37 

1.18 

3.87 

27.54 

47.44 

16.56 

2.28 

4.86 

25.75 

46.24 

18.36 

2.40 

13.15 

27.95 

35.77 

17.73 

3.04 

12.85 

26.57 

37 . 59 

19.04 

2.05 

4.9 

29.1 

48.8 

15 

3 

6.0 

28.1 

45.7 

17 

8 

1.6 

30.5 

49.2 

16 

2 

*  In  whole  nut. 


Ash 


% 


3.06 

2.59 

2.41 

2.31 

2.39 

2.36 

1.90 

1.9 

2.4 

2.5 


Owing  to  the  importance  of  the  peanut  in  Texas  agriculture,  Fraps 

Landw.  Z.  Cassel  1886,  654;  Kdnio-  Mensch  Nnh  r  '  P 

'Tennes.ee  Agr.  Exp.  Sta.  1891,  Bui '  4  11  „  1M3,  1,  614. 

^  Georgia  Agr.  Exp.  Sta.  1891,  Bui.  13.  ’  ’  ' 

North  Carolina  Agr.  Exp.  Sta.  1893,  Bui.  90B,  10 
„  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64,  79. 

■Texas  Agr.  Exp.  Sta.  1917,  Bui.  222. 
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has  written  a  special  bulletin  on  the  composition  of  peanuts  and  peanut 
by-products,  includin«:  peanut  hay  (see  Forage  Legumes),  from  which  the 
limits  and  averajjies  in  the  table  below  are  taken : 


Composition  of  Peanuts  and  Hy-phoducts  (Fuaps) 


Samples 

Water 

Protein 

Fat 

N-f,ext. 

Fiber 

Ash 

Kernels: 

Min . 

03 

% 

3.49 

% 

28  20 

% 

44.99 
51  04 

% 

0.02 

14.25 

9  48 

% 

2.00 

4  20 
2.44 

47.39 
71  90 

% 

1 .87 
2.80 
2.28 

2.08 

12.09 

4  19 

Max . 

0 . 48 

35.25 

Aver . 

6,01 

32.06 

48.73 

Shells: 

Min . 

58 

0.10 

4.53 

0  21 

10  03 

Max . 

9.40 

9.85 

3.40 

30  72 

Aver . 

7.48 

6.76 

1.10 

19.64 

60.83 

Whole  nuts: 

Min . 

57 

4.20 

21 .29 

31.98 

9. 15 

14.45 

1.99 

Alax . 

0.90 

28.40 

40.18 

15.50 

23.93 

4.95 

Aver . 

6.65 

26.64 

36.63 

12.07 

17.34 

2.77 

Whole  nuts,  pressed: 
Min . 

50 

5.00 

10.25 

0.79 

10.20 

17.50 

3.00 

Max . 

11.45 

41.44 

15.05 

20.01 

20.24 

18.82 

Aver . 

7.98 

36.49 

9.03 

21  16 

21.94 

4.48 

Cake,  high  grade: 

Min . 

9 

4.11 

41.94 

0.93 

17.07 

4.49 

4.04 

Max . 

7.07 

59.37 

21.88 

24.31 

8.34 

8.25 

Aver . 

6.08 

49.60 

11.38 

22.07 

6.96 

6.01 

Cake,  medium  grade: 
I^Tjn  . 

12 

5.35 

39.08 

7.92 

10.08 

9.30 

3.89 

Max . 

8.14 

47.00 

11.05 

20.40 

18.74 

7.55 

A  Vf'f . 

6.22 

44.91 

8.84 

23.06 

12.08 

4.83 

. 

Fuller  *  in  the  definitions  and  standards  of  the  Texas  Feed  Control 
Service  gives  the  limits  for  three  grades  of  peanut  meal  or  ground  cake 
as  follows:  (1)  not  less  than  48  per  cent  of  protein  and  7  per  cent  of  fat 
and  not  more  than  9  per  cent  of  fiber,  (2)  not  less  than  45  per  cent  of 
protein  and  6  per  cent  of  fat  and  not  more  than  10  per  cent  of  fiber,  and 
(3)  not  less  than  43  per  cent  of  protein  and  6  per  cent  of  fat  and  not  more 
than  12  per  cent  of  fiber;  also  two  grades  of  whole  pressed  peanuts 
ground  or  unground  as  follows:  (1)  not  less  than  36  per  cent  of  protein 
and  not  more  than  22  per  cent  of  fiber,  and  (2)  not  less  than  34  per  cent 
of  protein  and  not  more  than  24  per  cent  of  fiber. 

1  Ibid.  1929,  Bui.  404. 
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Peanut  Butter. — Analyses  by  Winton  ^  of  two  brands,  I  made  in 
Philadelphia  and  II  in  New  Haven,  Conn.,  follow: 


Composition  of  Peanut  Butter  (Winton) 


I 

II 

Y^ater . 

% 

2.10 

28.66 

46.41 

6.15 

6.13 

2.30 

3.23 

0.80 

4.22 

% 

1.98 

29.94 

46.68 

5.58 

5.63 

2.10 

4.95 

1.08 

2.06 

Protein  . 

Fat . 

Starch . 

Sugars,  clextrins,  etc . 

Fiber . 

Salt . 

Ash  other  than  salt . 

Undetermined  (by  difference) . 

100.00 

100.00 

Both  products,  as  claimed,  evidently  consisted  solely  of  ground 
roasted  peanuts  and  salt.  The  nearly  equal  percentages  of  starch  and 
soluble  carbohydrates  are  noteworthy. 

Peanut  Cake  and  the  ground  cake  known  as  Peanut  Meal  vary  in 

composition  according  to  the  composition  of  the  peanuts  and  the  degree 

of  extraction  as  shown  by  Fraps  analyses  summarized  above.  Bohmer  ^ 

found  a  range  of  from  42.23  to  50.23  per  cent  in  protein  and  of  4.44  to 
zU.30  per  cent  in  fat. 


Peanut  Skms.-Analyses  by  Fuchs3  of  the  inner  red  skin  (spermoderm 

nd  pensperm)  of  the  peanut,  removed  before  pressing,  show  as  high  as 

17  per  cent  of  protein  and  18  per  cent  of  fat.  Evidently  shriveled  and 
damaged  kernels  are  included. 

+1  Analyses,  on  the  water-free  basis,  by  White  ^  of 


■  Connecticut  Agr.  Exp.  Sta.  Rep.  1899,  p. 
Kraftfuttermittel.  Berlin,  1903,  p  521 

'Chem.  Z.  1911,  35,  358. 

^  Loc.  cit. 

®  Pfliiger’s  Arch.  1880,  21,  81. 

®  Veg.  Proteins.  New  York,  1912,  p.  78. 
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Composition  of  Peanut  Shells  (White) 


(Results  in  j)ercentage8  of  dry  matter) 


Shell  1  * 

Protein 

I'at 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Spanish . 

22 

7.19 

2.08 

14.32 

71 .78 

4.63 

Georgia . 

27 

4.99 

2.12 

10.59 

79.30 

3.00 

*  In  whole  nut. 


Lichnikov^  extracted  peanuts  with  water,  70  per  cent  alcohol,  10 
{X'r  cent  sodium  chloride,  and  0.25  ix'r  cent  potassium  hydroxide  and 
isolated  from  the  extracts  proteins  which  he  denominated  albumin, 
glutin,  and  globulin.  Out  of  the  9.10  per  cent  of  nitrogen  in  the  nuts, 
8.74  per  cent  was  found  to  be  in  the  form  of  proteins.  From  glutin  and 
globulin,  after  hydrolysis,  he  separated  arginine,  lysine,  and  histidine. 
As  the  original  is  in  the  Russian  language,  further  details  are  lacking. 

Johns  and  Jones  describe  in  detail  the  preparation  of  two  globulins, 
arachin  and  conarachin.  Arachin  is  precipitated  from  the  10  per  cent 
brine  solution  by  ammonium  sulphate  added  to  20  per  cent  saturation. 
In  the  filtrate  from  the  arachin  the  small  amount  of  conarachin  is  pre¬ 
pared  either  by  saturating  completely  with  ammonium  sulphate  and 

dialyzing  or  by  dialyzing  directly.  ,  r  j  u  n  i 

Determinations  by  Jones  and  Horn  » in  finely  ground,  defatted  shelled 

peanuts  gave  nitrogen  7.36  per  cent,  of  which  86  per  cent  was  s^olublc 
in  10  per  cent  salt  solution.  The  oil-free  meal  contained  arachin  25  am 
conarachin  8  per  cent.  Arachin  does  not  coagulate  in  10  per  cent  sal 
solution,  even  at  boiling,  and  precipitates  completely  from  the  solution 
at  40  per  cent  saturation  with  .ammonium  sulphate,  also  by  addition  o 
Uichloracetic  acid,  tannic  acid,  or  tungstic  acid;  ^its  specific  rotation 
at  20°  C  is  -39.5°.  Conarachin  coagulates  at  80  C.  and  precipitat 
practically  completely  from  a  10  per  cent  salt  solution  on  addi  ion  o 
ammonium  sulphate  to  85  per  cent  saturation;  its  specific  rotaboi  . 
20°  C.  is  —42.7.  No  appreciable  amount  of  albumin,  prolamm  , 

th. 

AeiJ.  o!  I— 

mined  in  both  arachin  and  conarachin  by  Johns  and  Jo  P 

1  Rez.  Veg.  Opyt.  bah.  Rab.  1913,  9,  378;  Exp.  Sta.  Rec.  36.  712. 

2  J.  Biol.  Chem.  1916,  28,  77. 

3  J.  Aer.  Res.  1930,  40,  673. 
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Ritthausen 

Globulin 

Johns  and  Jones 

Arachin 

Conarachin 

Carbon . 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

% 

51.41 

6.74 

18.25 

0.56 

23.04 

% 

52.15 

6.93 

18.29 

0.40 

22.23 

% 

51.17 

6.87 

18.29 

1 .09 
22.58 

100.00 

100.00 

100.00 

Van  Slyke’s  and  Kossel  and  Kutscher’s  methods  with  agreeing  results. 
Other  amino  acids  were  determined  in  arachin  after  hydrolysis. 


Amino  Acids  of  Peanut  Globulins  (Johns  and  Jones) 


Arachip 

Conarachin 

Glycocoll . 

% 

0.00 

4.11 

1.13 

3.88 

0.85 

5.25 

16.69 

5.50 

2.60 

1.37 

% 

Alanine . 

Valine . 

Leucine . 

Cystine . 

0.86 

Aspartic  acid . .  . 

Glutamic  acid 

Tyrosine . 

Phenylalanine.  . 

Proline .  .  . 

Tryptophane.  .  .  . 

present 

14.60 

6.04 

1.83 

1.90 

Arginine. . . . 

jJl  tJocll  L 

13.51 

A  QC 

Lysine . 

Histidine.  .  . 

‘± .  yo 

1.88 
'  9  09 

Ammonia. . . 

^  .  Uo 

_ 

63.78 

Jones,  Gersdorff,  and  Moeller '  obtained  the  fnlir,  •  c 

cystine  and  tryptophane.  otamed  the  followins  figures  for 

Nitrogen  Distribution  in  Peanut  Proteins  —Van  <51  u  ' 

r^iowins.  Van  Slyke’s  method  has 

^  Ibid.  1924,  62,  183. 
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Total  globulin 

Arachin 

Conarachin 

Albumin 

% 

% 

% 

% 

Cystine . 

1.42 

1 .08 

3.(K) 

1.47 

Tryptophane . 

l.(X) 

0.88 

2.13 

2.33 

been  applied  by  Johns  and  Jones  ^  to  arachin  and  conarachin,  and  by 
Dowell  and  INIenaul  ^  to  the  protein  matter  obtained  by  extracting  the 
defatted  ground  kernel  with  dilute  alkali  and  precipitating  with  acetic 
acid.  Nollau^  treated  the  ground  peanut  directly  instead  of  the  sep¬ 
arated  protein  matter. 


Johns  and  Jones 

Dowell  and 
Menaul 

Nollau 

Arachin 

Conarachin 

“Protein” 

Humin  N  adsorbed  by  lime . •. . . 

Humin  N  in  amyl  alcohol  extract. . . 

Cystine  N . 

Arginine  N . 

Lysine  N . 

Histidine  N . 

Amino  N  of  filtrate . 

Non-amino  N  of  filtrate . 

% 

0.57 

0.43 

0.74 

23.77 

5.22 

2.78 

53.30 

1.65 

11.81 

% 

0.651 
0.13  / 
0.75 
25.78 
6.35 
2.72 
50.23 
1.94 
11.08 

% 

1.2 

0.77 

17.57 

6.22 

1.88 

61.25 

1.67 

11.48 

% 

4.36 

0.81 

20.82 

5.31 

6.13 

52 . 36 
L40 
10.93 

100.27 

99.63 

102.04 

102.12 

Oil  — Lewkowitsch  states  that  only  nuts  imported  in  the  shell  are 
suited  for  the  manufacture  of  edible  oil,  since  the  shelled  nut  deteriorates 

durinc  shipment.  c  i. 

In  Europe,  notably  in  Marseilles,  according  to  H.  S.  Bailey,  peanut 

oil  is  almost  invariably  expressed  from  shelled  nuts,  the  shelling  temg 

commonly  done  in  the  country  of  origin.  The  cold  expressed  oil  from 

nuts  shelled  at  the  mill  is  of  edible  grade  without  refining.  The  secon 


1  Ibid.  1917,  30,  33. 

2  Ibid.  1921,  46,  437. 

3  Ibid.  1915,  21,  611. 

<Tech.  Anal.  Oils,  etc.  Ix)ndon,  1914,  2,  297. 

3  U.  S.  Dept.  Agr.  Yearbook  1916,  Separate  691. 
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and  third  pressing  yield  oil  of  inferior  quality.  Bailey  further  states 
that  in  the  United  States  both  shelled  and  unshelled  nuts  are  pressed, 
the  Spanish  variety  being  best  suited  for  the  purpose.  The  other  varie¬ 
ties  commonly  grown,  namely,  Virginia  Bunch,  Virginia  Runner,  and 
African,  contain  smaller  amounts  of  oil. 

The  Physical  and  Chemical  Values  of  the  samples  used  by  Jamieson, 
Baughman,  and  Brauns^  in  determining  the  constituent  fatty  acids 
follow: 


Values  of  Peanut  Oil  (Jamieson,  Baughman,  and  Brauns) 


Spanish 

type 

peanuts 

Virginia 

type 

peanuts 

Specific  gravity  25°/25° . 

0.9148 

0.9136 

Saponification  number . 

188.2 

187.8 

Iodine  number  (Hanus) . 

90.1 

94.8 

Reichert-Meissl  number . 

0.27 

0.21 

Polenske  number . 

0.12 

0.29 

Acetyl  number . 

8.7 

9.50 

Saturated  acids  (determined) . .  . 

21.4% 

17.4% 

Saturated  acids,  iodine  number.  .  .  . 

4.8 

7.1 

Unsaturated  acids  (determined) .... 

73.4% 

77.7% 

Saturated  acids  (corrected) . . 

20.6% 

16.4% 

Unsaturated  acids  (corrected) 

74.6% 

00 

Unsaturated  acids,  iodine  number. . 

121.8 

118.2 

Acid  number . 

0.12 

0  03 

Unsaponifiable  matter .  .  . 

0.22% 

0.27% 

The  following  table  of  maximum  and  minimum  values  has  been  com- 

ind VlZom  2 


Values  of  Peanut  Oil 


Sp.  gr. 
15.5°  C. 

Refractive 
index 
15.5°  C. 

Maumene 

No. 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Fatty 
acids, 
m.  pt. 

Fatty 

acids, 

titer 

Fatty 

acids, 

free 

Min . 

0.911 

0.926 

1.4707 

1.4731 

44 

°C. 

°C. 

% 

0.24 

13.51 

Max. .  , 

186 

83 

26.0 

23 

67 

198 

105 

36.4 

32 

^  J.  Am.  Chem.  Soc.  1921,  43,  1372. 

==U.  S.  Dept.  Agr.,  Bur.  Chem.  1903,  Bui.  77,  34 
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jVIerrill  ^  has  shown  that  the  oils  obtained  from  raw  and  roasted 
peanuts  have  practically  the  same  composition,  the  results  being  as 
follows : 


Sp.  gr. 
15.5°  C. 

Ref.  ind. 
25°  C. 

Iodine. 

No. 

Rjiw . 

0.9190 

0.9196 

1.4683 

1 .4679 

92.51 

92.37 

Roasted . 

Composition  of  Peanut  Oil. — From  the  data  compiled  by  Jamieson, 
Baughman,  and  Brauns  ^  it  appears  that  the  different  fatty  acids  were 
first  found  in  peanut  oil  by  the  following  chemists:  palmitic  acid  by 
Caldwell,^  arachidic  acid  by  Goessmann,**  lignoceric  acid  by  Kreiling,-'’ 
and  linolic  acid  by  Hazura  and  Grussner.®  The  presence  of  hypogseic 
acid,  claimed  by  several  chemists,  has  been  abundantly  disproved. 

Quantitative  determinations  by  Heiduschka  and  Felser  ^  of  the  con¬ 
stituents  of  a  single  sample  and  by  Jamieson,  Baughman,  and  Brauns- 
of  one  sample  each  of  oil  from  Spanish  and  Virginia  type  peanuts  follow . 

Composition  of  Peanut  Oil 


Heiduschka 

Jamieson,  Baughman, 
and  Brauns 

and  Felser 

Spanish 

Virginia 

% 

% 

% 

Glycerides  of : 

1.9 

3.1 

2.6 

A  . . 

2.3 

4.0 

3.3 

4.5 

6.2 

4.9 

4.0 

8.2 

6.3 

79.9 

52.9 

60.6 

7.4 

24.7 

21.6 

Unsaiionifiable  matter . 

•  •  •  • 

0.2 

0.3 

100.0 

99.3 

99.6 

1  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 

*  Ix)C.  cit. 

3  Ann.  1857,  101,  97. 

‘‘  Ibid.  1854,  89,  1. 

6  Ber.  1888,  21,  880. 

®  Monatsh.  Chem.  1890,  10,  242. 

^  Z.  Unters.  Nahr.-Genussm.  1919,  38,  242. 
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Holde  and  Godbole  ^  separated  from  East  Indian  peanut  oil  hexa- 
cosanic  acid  (C2GH52O2)  and  lignoceric  acid  containing  hexacosanic  acid 
as  an  impurity.  The  hexacosanic  acid  had  a  molecular  weight  of  391.5 
(calculated  396)  and  a  melting  point  of  77.5  to  80°  C.  The  content  in 
the  oil  was  estimated  to  be  0.1  to  0.2  per  cent. 

Carbohydrates. — The  general  analyses  show  that  less  than  20  per 
cent  of  the  shelled  peanut  consists  of  carbohydrates  other  than  fiber. 
Analyses  of  peanut  butter  show  that  the  amount  of  starch  about  equals 
that  of  soluble  carbohydrates,  the  sum  of  the  two  lacking  but  2  to  4  per 
cent  of  the  total  percentage  of  nitrogen-free  extract. 

As  the  peanut  is  unique  among  economic  seeds  in  that  the  fruit 
ripens  underground  and  partakes  of  certain  root  characters  (see  Alicro- 
scopic  Structure),  further  studies  of  the  carbohydrates  may  have  physio¬ 
logical  significance. 


Mineral  Constituents.  Ash  analyses  were  made  of  single  samples  of 
the  kernel  and  shells  by  Brown  ^  and  of  22  samples  each  of  kernels  and 
shells  by  Fraps.^  The  results  as  given  by  Fraps  being  in  terms  of  per¬ 
centages  of  the  kernel,  they  have  been  recalculated  for  comparison  with 
Brown’s  results,  assuming  the  total  ash  to  be  2.28  and  4.19  per  cent 
which  are  the  averages  of  63  and  68  determinations  respectively  made 
by  the  same  author.  Attention  is  directed  to  the  exceptionally  low 
percentage  of  magnesia  and  high  percentage  of  sulphuric  acid  found  by 
rown  in  the  kernel.  Fraps’  figure  for  magnesia  is  the  average  of  16 
determinations  agreeing  within  narrow  range  made  on  as  many  samples 
an  IS  doubtless  correct.  Konig  ■*  gives  an  analysis,  without  reference 

that  each  result 

differs  by  a  few  hundredths  of  1  per  cent. 


Analysis  of  Peanut  Ash 


Kernels: 
Brown , 
Fraps. 
Shells: 
Brown . 
Fraps.  . 


K20 

NaaO 

CaO 

MgO 

P2O5 

SO3 

Si02 

Sand 

Undet. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

39.85 

35.96 

2.85 

4.11 

4.78 

1.83 

14.91 

38.90 

35.21 

10.40 

0.20 

3.86 

1.86 

5.28 

31.78 

27.68 

7.85 

27.01 

7.40 

12.60 

5.97 

5.63 

3.57 

8.89 

4.13 

•  •  •  • 

42.73 

2.11 

12.65 

'Loc.ci,.  ’  ■  163,  179. 

<  Chem.  mensch.  N.ahr.-Genussm.  Berlin,  1920,  2,  874. 
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Minor  Mineral  Constituents.  Iron. — Peeled  20  mg.  per  kilo,  fresh  basis  (Sher¬ 
man).^ 

Manganese. — Kernel  8.51,  shell  15.40  mg.  per  kilo,  dry  basis  (Quartaroli).* 
Copper. — Seed  6.8  mg.  per  kilo,  dry  basis  (Ilirano  and  Mikumo).^  Kernel  20.4, 
shell  12.2  mg.  per  kilo,  dry  basis  (Quartaroli).^ 

7jinc. — Whole  seed  16  mg.  per  kilo,  fresh  basis  (Bertrand  and  Benzon).* 


SOY  BEAN 


Glycine  Soja  Sieb.  et  Zucc.  =  G.  hispida  Maxim  =Soja  hispida  Moench  = 

Dolichos  Soja  L. 


Fr.  Soja.  It.  Soia.  Ger.  Sojabobne. 


A  native  of  the  Far  East,  the  soy  bean 
dawn  of  civilization  in  China  and  Japan,  w 
of  human  beings  with  food.  From  the 
seeds  are  prepared  soy  cheeses  (tofu, 
natto,  miso),  soy  milk,  and  soy  sauce, 
the  latter  being  used  in  chop  suey. 
Because  of  the  absence  of  starch  in 
many  varieties  soy  bean  flour  has  come 
into  use  in  the  Occident  as  a  diabetic 
food.  Soy  bean  oil  is  of  growing  in¬ 
dustrial  importance. 


has  been  cultivated  since  the 
here  the  seeds  furnish  millions 


Fig.  217. 


Fig  216 — Soy  Bean.  Seed.  X2.  (A.L.W.) 

Fia  217  -Soy  Bean.  Seed  in  cross  section.  S  spermoderm:  pat  palis-ade  cells 
with  rii^ht  linef  su6  subepiderm.  p  parenchyma.  E  endosperm.  C  cotyledon. 
ep  outer  epiderm,  at  aleurone  grains.  X  ICO.  (A.L.  W.) 


A.,  a  forage  and  soiling  crop  the  plant  is  grown  to  some  extent  m  the 

United  States.  (See  Part  III,  Forage  Plants.) 

MACROSCOPIC  STRUCTURE.-The  short  hairy  pods  usually 
^  nr  fbroo  soods  Unlike  the  bean  the  ovoid  (up  to  12  mm.)  o 

neirspherical  (less  than  10  mm.)  seed  (Fig.  216)  is  not  kidney-shaped 


1  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1907,  Bui.  186. 

2  Ann.  chim.  appl.  1928,  18,  47. 

3.1.  Pharm.  Soc.  Japan,  1925,  626,  992. 

*  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 
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but  evenly  rounded.  Buff-seeded  varieties  are  best  known  in  the  United 
States,  but  there  is  a  wide  range  in  color  in  the  numerous  varieties 
grown  in  the  Orient.  Solid  colors— yellow,  buff,  green,  red,  brown,  and 
black — are  more  common  than  combinations  giving  a  mottled  or  spotted 
effect.  The  hiluni  is  distinct  (3  to  4  mm.)  with  a  well-marked  margin 
and  slit,  but  there  is  little  evidence  of  a  caruncle  or  hilurn  cushion,  hence 
the  absence  of  a  strongly  contrasting  pure  white  patch.  Strophiole  and 
micropyle  are  evident  but  not  conspicuous.  The  form  of  the  radicle 
shows  through  the  spermoderm. 

MICROSCOPIC  STRUCTURE  (Fig.  217).— From  common  shell 
legumes  the  soy  bean  is  distinguished  by  the  relatively  high  subepidermal 
cells,  the  presence  of  a  distinct  endosperm,  and  usually  the  absence  of 
starch  in  the  cotyledon. 

Spermoderm  (S). — The  layers  are  (1)  palisade  cells  {pal),  up  to  60  g 
high  and  20  g  broad,  with  light  line,  in  colored  beans  containing  a  pig¬ 
ment,  (2)  subepiderm  (sub)  of  strikingly  spool-shaped  cells  up  to  75  g 
high  and  40  ix  broad,  and  (3)  spongy  parenchyma  {p),  compressed  in  the 
inner  portion. 

The  following  table  by  M.  Kondo  ^  shows  the  original  color  of  the 
contents  of  the  palisade  cells  and  the  microreactions  with  a  series  of 
reagents : 


Black  seed 
from  Japan 

Black  seed 
from  China 

Green  seed 
from  Japan 

Dark  wine-rec 
seed  from 
Japan 

Original  color . 

Blue 

Brown 

Clive  green 

Y  ello  w-bro  wn 

Color  with: 

Sulphuric  acid .  . 
Acetic  acid .  . 
Potassium  hydroxide 
Chloral  hydrate .... 
Ferric  chloride 

Cherry  red 
Reddish  brown 
Brown 
Cherry  red 

Dark  red 
Dark  I'ed 
Brown 

Reddish  brown 

No  change 
Bright  yellow 

Bright  yellow 
No  change 

No  change 
No  change 

No  change 
Dark  brown 

Iodine  in  potassium 
iodide .... 

Alcohol .  . 

1  ellow 

Methyl  green .... 

1  ellow 
Dark  green 

Eosin .... 

— 

Red 

- - 

eyafrarlhe  bit  fol"  t  htwactch““‘^  '"7 

contain.,  anthoeyan,  wbHe  the  ohvllnoronLltVanlrn' 

Z.  Enters.  Nahr.-Genussm.  1913,  26,  1. 
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seed  is  chlorophyl  and  that  the  yellow-brown  color  of  the  dark  wine- 
red  Japan  seed  is  probably  tannin.  The  palisade  cells  of  yellow  seeds 
contain  no  pigment,  the  color  being  located  in  the  cotyledon. 

In  the  hilum  region  the  spongy  parenchyma  is  very  loose  and  thick- 
walled. 

Hilum  Cushion. — Absent  or  only  traces  at  the  edges. 

Endosperm  {E). — A  single  layer  of  typical  aleurone  cells  and  a  band 
of  compressed  cells  are  evident  in  cross  section.  In  surface  view  the  outer 
cells  are  polygonal,  up  to  50  n  in  diameter,  and  show  minute  aleurone 
grains  and  formless  contents. 

Embryo. — The  cotyledons  (C)  show  several  characteristics:  (1)  the 
much-elongated  palisade  cells  on  the  inner  side  and  the  somewhat 
elongated  cells  on  the  outer  side,  (2)  the  absence  of  starch  in  many  vari¬ 
eties  and  (3)  the  presence  of  oxalate  crystals. 

]\I.  Kondo  ^  reports  palisade  cells  up  to  105  fx  high.  Well-marked 
palisade  cells  in  cotyledons  of  economic  leguminous  seeds  are  unusual. 

Oxalate  crystals  in  the  mesophyl  were  first  brought  to  notice  by 
Wallis.^  They  are  best  seen  in  cut  sections  examined  with  polarized 


light. 

Special  interest  centers  in  the  presence  or  absence  of  starch.  Long 
since,  Harz  ^  and  Ilanausek  ^  noted  the  presence  of  small  amounts  of 
starch  in  some  specimens  but  since  it  usually  was  absent  its  occurrence 
has  generally  been  considered  as  a  sign  of  immaturity  or  insufficient 
ripening  (ageing)  after  harvesting.  Harz  advanced  t.iis  theory,  and 
Wallis  as  late  as  July,  1013,  accepted  it.  Kondo, ^  however,  in  his 
monograph  on  the  anatomy  of  exotic  leguminous  seeds,  published  in 
January,  1013,  expresses  the  opinion  that  in  certain  varieties  it  is  always 
present.  He  found  that  the  starch  is  present  chiefly  in  the  inner  (about 
two-thirds)  portion  of  the  cotyledon.  Furthermore  its  presence  is  inde¬ 
pendent  of  the  color  of  the  seed,  as  shown  by  the  following  results:  In 
yellow  seed  from  Japan,  little  starch,  in  yellow  seed  from  Chma,  none; 
in  black  seed  from  Japan  much  starch,  in  black  seed  from  Chma,  none; 
in  green  seed  from  Japan,  very  little,  in  green  seed  from  China,  none; 
in  dark  wine-red  seed  from  Japan,  very  little,  m  brown  seed  from  Japan, 


none. 


Aleurone  grains  an<l  /a(  are  the  chief  constituents  regardless  of  the 
occurrence  of  starch.  The  grains  (at)  are  isodiametnc  or  somewhat 
elongate,!,  well  rounded  or  somewhat  angled,  varying  m  size  in  species 


1  Ix)c.  cit. 

*  Pharm.  Jour,  and  Pharm.  July  26,  1913. 
3  Z.  allK-  oesterr.  Apoth.-Ver.  1885,  p.  40. 
<  Ibid.  1884,  p.  474. 
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examined  by  us  up  to  over  20  Tschirch  and  Oesterle  give  23  as  the 
maximum.  According  to  Kondo  ^  they  are  largest  in  Chinese  varieties. 
In  yellow  and  black  Chinese  seeds  he  found  in  both  cases  the  maximum 
to  be  16  At,  in  yellow  and  black  Japanese  seeds  respectively  7  and  8  ji. 

Chief  Structural  Characters. — Seeds  well  rounded  (not  kidney¬ 
shaped),  hilum  cushion  absent. 

Palisade  cells  up  to  60  ^i,  high  and  20  n  broad,  with  flat  ends;  sub- 
epidermal  cells  spool-shaped,  up  to  75  fi  high  and  40  ii  broad;  endosperm 
present;  aleurone  grains  and  fat  in  cotyledons;  starch  usually  absent  but 
in  some  varieties  present  in  small  or  even  large  amount;  cotyledons  with 
palisade  cells. 

CHEMICAL  COMPOSITION. — A  summary  of  8  analyses  of  the 
whole  beans  made  in  American  experiment  stations,  compiled  by  Jen¬ 
kins  and  Winton,^  and  of  19  analyses  by  Street  and  Bailey,^  reduced  to 
10  per  cent  water  content,  follow: 


Composition  of  Soy  Beans 


Samples 


Water 


Compiled : 

Min . 

Max . 

Aver . 

Street  and 
Bailey: 

Min . 

Max . 

Aver . 


8 


19 


% 

5.85 

19.27 

10.80 


10.00 

10.00 

10.00 


Protein 

(NX 

6.25) 


% 

26.25 

40.22 

33.98 


33.15 

40.99 

38.29 


Fat 


% 

12.27 

19.01 

16.86 


12.72 

17.07 

14.89 


N-f.  ext. 


% 

26.17 

32.84 

28.89 


23.58 

29.59 
26.64 


Fiber 


Ash 


% 

2.45 

6.13 

4.79 


3.57 

5.87 

4.64 


% 

3.07 

5.40 

4.69 


4.67 

7.77 

5.64 


Analyses  of  over  500  samples  grown  at  Arlington,  Va.,  reported  by 
riper  and  Morse,'*  show  a  range  of  protein  from  31  to  46.9  and  of  fat 
rom  11,8  to  22,5  per  cent.  The  authors  state  that  about  9  per  cent  of 

Oil  IS  secured  by  the  hydraulic  and  4  to  6  per  cent  by  the  expeller  method 
the  cake  varying  accordingly.  ’ 

Changes  in  Composition  During  Growth.-Tsukunaga  and  Nishino  ** 
have  shown  that  calculated  to  the  dry  basis  the  content  of  protein  and 

‘  Loc.  cit. 

=*  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1892,  Bui.  11. 

®  J.  Ind.  Eng.  Chem.  1915,  7,  853. 

'  U.  S.  Dept.  Agr.,  1916,  Bui.  439. 

®  J.  Sci.  Agr.  Soc.  Japan  1930,  322,  16. 
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fat  increase  during  the  ripening,  whereas  that  of  nitrogen-free  extract, 
fiber,  and  ash  decrease.  The  iodine  number  of  the  fat  reached  the 
maximum  of  137.5  per  cent  about  8  weeks  after  blooming. 

Soy  Bean  Cake,  Meal,  and  Flour. — The  enormous  quantities  of  cake 
obtained  in  Manchuria  from  the  manufacture  of  soy  oil  appear  to  be 
consumed  largely  in  the  Orient  or  Europe.  It  varies  in  composition 
with  the  variety  and  process  of  extraction.  A  typical  analysis  of  the 
ground  cake,  known  as  meal,  recorded  by  Lindsey,  Smith,  and  Beals,^ 
appears  in  the  table  below. 

Soy  bean  flour,  consisting  of  the  ground  bean  from  which  the  hulls 
have  been  separated,  has  decided  value  as  a  diabetic  food  because  of  its 
practical  freedom  from  starch,  as  noted  by  Winton,^  Street,^  and  others. 
Its  use  as  an  invalid  food  is  advocated  by  Runih.'*  Analyses  of  7  samples 
of  the  flour  are  given  by  Street  and  Bailey  ^  and  summarized  below : 


Composition  of  Soy  Bean  Cake  and  Flour 


Samples 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Meal  (ground  cake): 

Lindsey,  Smith,  and 

Beals . 

1 

8.0 

41.6 

8.6 

31.6 

4.8 

5.4 

Flour: 

Street  and  Bailey: 

7 

yiifi  . , . 

3.0 

39.9 

18.2 

22.4 

1.9 

4.1 

’  Max  T . 

1 

7.8 

45.7 

21.4 

25.8 

5.4 

5.1 

Aver . 

5.1  . 

42.6 

19.9 

24.3 

3.7 

4.5 

Proteins. — A  globulin,  glycinin,  so  named  by  Osborne  and  Campbell, 
is  the  principal  protein.  The  greater  part  of  this  “salt-soluble  protein 
goes  into  the  water  solution  of  the  freshly  ground  seed,  but  separates 
after  a  time  when  the  extract  becomes  acid.  Addition  of  a  small 
amount  of  acid  hastens  the  precipitation.  According  to  Osborne  an 
Campbell  a  small  amount  of  a  more  soluble  globulin,  probably  identical 
with  the  phaseolin  of  other  legumes,  and  about  1.5  per  cent  o  an 
albumin,  legumelin,  are  also  present. 

1  Massachusetts  Agr.  Exp.  Sta.  1910,  Spec.  Bui. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  1900,  p.  153. 

3  Ibid.  1912,  p.  107. 

♦  Arch.  Fed.  1909. 

6  Ix)C.  cit. 

« J.  Ara.  Chem.  Soc.  1898,  20,  419. 
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Muramatsu  ^  extracted  successively  from  dry  ground  soy  beans  from 
northern  Japan  the  following  percentages  of  the  total  protein  with  the 
solvents  named:  with  water  65.2  to  90,  with  salt  solution  3.97  to  6.40, 
and  with  alkali  1.64  to  3.49  per  cent,  the  residual  nitrogen  calculated  as 
protein  being  3.51  to  24.91  per  cent.  The  total  globulin  consisted  of 
78.5  per  cent  of  glycinin  and  21.5  per  cent  of  phaseolin,  the  total  albumin 
of  78.5  per  cent  of  legumelin  and  21.21  per  cent  of  soylegumelin.  He 
proposes  the  factor  5.82  for  calculating  the  protein  from  the  nitrogen. 

Tadokoro  and  Toshimura^  designate  the  proteins  as  extracted  by 
them  with  water  glycinin  A  and  legumelin,  with  10  per  cent  salt  solution 
glycinin  B,  and  with  0.2  per  cent  sodium  hydroxide  solution  glutelin. 

The  Ultimate  Composition  as  determined  by  Osborne  and  Campbell  ^ 

of  glycinin,  legumelin,  and  proteose,  and  by  Muramatsu  ^  of  soylegumelin 
follows : 


Glycinin 

Legumelin 

Soylegumelin 

Proteose 

Carbon.  .  .  . 

% 

52.12 

6.93 

17.53 

0.79 

22.63 

% 

53.06 

6.94 

16.14 

1.17 

22.69 

% 

52.98 

6.79 

15.14 

0.29 

24.80 

% 

48.76 

6.28 

16.14 

}  28.82 

Hydrogen . 

Nitrogen . 

Sulphur . 

Oxygen . 

,  100.00 

100.00 

100.00 

100.00 

Avum  Acids  of  Soy  Proieins.— Glycinin  was  hydrolyzed  by  Osborne 
and  Clapp  and  the  percentages  of  the  products  in  the  water-  and  ash 
ree  material  determined  as  shown  in  the  table  on  the  following  page 
Onuki^j  following  Dakin’s  butyric  acid  method,  isolated  from  100 
grams  of  dry  protein  matter  5.47  grams  of  ^-hydroxyglutamic  acW  Jut 

Ind  rSllt^rpmsenr  ““  **  ‘^--ed 

Tadokoro  and  Toshimura  '  found  that  fh^  ^ 

10  ,lyoi„i„  ,t,„  a,  '■  » 

"  .1..  IS  loS  “„nS“ 

J.  Tokyo  Chem.  Soc.  1920,  41  3li  5  t  pu  ^  ’ 

'  Hokkaido  J.  Agr.  1928,  20,  355  ’  e  V  737. 

®  hoc.  cit.  ■  Hiol.  Chem.  1924,  62,  183. 

'  Am.  J.  Physiol.  1907,  19,  468.  ' 
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Products  of  Hydrolysis  of  Glycinin  (Osborne  and  Clapp) 


% 

Gly  cocoll .  0.97 

Alanine . 

Valine .  0.68 

Leucine .  8.45 

Serine . 

Aspartic  acid .  3.86 

Glutamic  acid .  19.46 

Tyrosine .  1.86 

Phenylalanine .  3.83 

Proline .  3.78 

Tryptophane .  + 

Arginine .  5.12 

Lysine .  2.71 

Histidine .  1.39 

Ammonia .  2.56 


54.67 

legumelin  the  largest  amount  of  histidine,  and  the  glutelin  the  largest 
amount  of  lysine.  The  isoelectric  point  is  highest  in  glucinin,  lowest  in 
legumelin. 

Nitrogen  Distribution  in  Soy  Beans— The  following  results  on  nitro¬ 
gen  distribution  by  Nollau,i  Hamilton,  Uyei,  Baker,  and  Grindley,^ 
and  Mashino  and  Nishimura  ^  for  the  most  part  are  concordant,  consider¬ 
ing  the  differences  in  the  samples  and  the  nature  of  the  methods: 


Nollau 

Hamilton  et  al. 

M.  and  N. 

TTiimin  N  . 

% 

3.69 

% 

2.87 

% 

6.14 

Arorininp  N  . 

15.52 

15.70 

15.55 

M  . 

1.52 

1.46 

1.74 

2.60 

5.60 

7.03 

7.02 

6.18 

6.08 

KoqiV  nr  rU.nmi’no  N . 

26.66 

28.94 

30.40 

X  OvHI  V*  Vli  CVllliAAVf  . . 

48.76 

48.28 

49.76 

7.12 

10.95 

5.19 

12.97 

9.38 

9.58 

- 

99.20 

100.53 

101.07 

1  J.  Biol.  Chem.  1915,  21,  611. 

2  J.  Am.  Chem.  Soc.  1923,  46,  815. 

3.J.  Soc.  Chem.  Ind.  .Japan,  1927,  30,  607. 
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Shita  and  Yanagigawa^  obtained  from  soy  bean  meal:  amide  nitro¬ 
gen  10.0,  humin  nitrogen  4.83,  di-amino  nitrogen  26.43,  and  mono-amino 
nitrogen  58.74  per  cent. 

Decomposition  of  soy  bean  proteins  into  amide  and  amino  forms  by 
hydrochloric  acid,  sulphuric  acid,  and  sodium  hydroxide  of  different 
concentrations  has  been  studied  by  Mashino.^ 

Oil. — The  commercial  oil  is  largely  used  for  technical  purposes. 
Carefully  refined  oil  is  edible  but  its  keeping  qualities  are  poor. 

Physical  and  Chemical  Values.  —  Up  to  about  the  time  of  the 
World  War  when  the  soy  bean  and  its  products  had  not  entered  the 
world’s  commerce,  only  scattering  data  on  its  values  and  composition 
were  available. 


In  1912  Thompson  and  Morgan  ^  extracted  soy  beans  grown  in 
Delaware  with  gasoline  and  with  ether,  the  latter  solvent  yielding  an 
average  of  19.22  per  cent  of  oil.  The  constants  of  the  oil  were  as  follows: 
specific  gravity  at  15.5°  C.  0.9108  to  0.9235,  aver.  0.9193;  saponifica¬ 
tion  number  174.1  to  195.4,  aver.  187.3;  and  iodine  number  114.0  to 
139.0,  aver.  129.7.  A  composite  sample  had:  Reichert-Meissl  number 
5.3,  Hehner  number  93.5,  neutralization  value  177.8,  iodine  number  of 
unsaturated  fatty  acids  131.9,  unsaturated  fatty  acids  84.7  per  cent, 
saturated  fatty  acids  8.61  per  cent,  ether  number  188.4,  glycerol  10.29 
per  cent,  and  mean  molecular  weight  315.5. 

In  1916  Washburn  •*  carried  out  an  extensive  investigation  on  the 

oil  content  (ether  extract)  and  the  constants  of  the  oil  obtained  bv 

hydraulic  pressure  of  202  samples  of  beans  grown  in  different  states  of 

^  e  Union  and  in  Canada.  The  average  results  for  varieties  represented 

y  more  than  2  samples,  also  the  range  in  composition  of  all  the  analyses, 
loilow  on  the  next  page. 

Fellers  5  determined  in  10  samples  of  oil  the  same  constants  as 

ashburn  and  m  addition  the  acid  number.  The  range  in  values  was- 

specific  gravity  0.922  to  0.926,  refractive  index  at  25»  C.  1.4720  to  1  475o‘ 

saponfication  number  190.2  to  195.8,  iodine  number  123  2  to  l  4  8 
and  acid  number  0  17  to  2  fi  Tn  o  L  i  “  “  132.3, 

additional  values:  Reichert-Meissl  number  5  2  ^ndT^H 
94.3  and  93.0,  neutralization  value  972  and  190  3  ’  7®’’ 

cent,  and  ether  nul  rioTl^riSt  77  P*" 

and  187.2.  The  range  in  oil  content  of 

fep.  Imp.  Ind.  Res.  Inst.,  Osaka,  Japan,  1926  7  1 
:  f Chem.  Ind.,  Japan,  1926,  29,  m  248 
4  Agr.  Exp.  Sta.  Bui.  99. 

6  T  T  .  Bui.  118. 

J-  Ind.  Eng.  Chem.  1921,  13,  689. 
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Values  of  Soy  Bean  Oil  (Washburn) 


Variety 

Samples 

Fat 
(ether 
extract) 
in  seed 

Values  of  Pressed  Oil 

Sp.  gr. 
15.5°  C. 

Ref.  ind. 
25°  C. 

Sapon. 

No. 

Iodine 

No. 

% 

Black  Beauty  (Ebony) . .  . 

i 

19.1 

0.9255 

1.4727 

193.0 

126.5 

I  to  San . 

19 

19.4 

0.9252 

1.4732 

193.4 

131.2 

Mammouth . 

5 

20.8 

0.9254 

1.4732 

194.1 

128.5  ■ 

Guelph . 

12 

21.3 

0.9251 

1.4725 

194.0 

126.0 

Haberlandt . 

8 

21.1 

0.9251 

1.4733 

192.6 

129.2 

Peking . 

7 

19.6 

0.9258 

1.4737 

193.4 

132.6 

Wilson . 

18 

20.1 

0.9258 

1.4733 

193.2- 

129.0 

Holly  Brook . 

8 

19.5 

0.9253 

1.4735 

193.9 

127.8 

Medium  Yellow . 

5 

21.2 

0.9256 

1.4737 

194.1 

130.2 

Morse . 

4 

22.4 

0.9250 

1.4735 

192.8 

133.2 

Manchurian . 

33 

22. 1 

0.9253 

1.4728 

193.0 

126.6 

Ogema . 

3 

19.2 

0.9266 

1.4730 

193.0 

128.2 

Quebec . 

4 

17.9 

0.9256 

1.4737 

192.7 

131.2 

Quebec . 

3 

17.5 

0.9250 

1.4732 

192.4 

133.5 

All  varieties: 

Min . 

0.9207 

1.4710 

190.1 

115.5 

Max . 

0.9310 

1.4750 

197.4 

141.9 

26  samples  of  the  seed,  grown  mostly  in  New  Jersey,  was  14.6  to  25.6, 
the  average  18.3  per  cent. 

Composition  of  Soy  Oil— The  percentages  of  glycerides  given  by 
Matthes  and  Dahle  ^  have  been  shown  by  Baughman  and  Jamieson^ 
to  be  incorrect.  Iveimatsu  ^  found  about  80  per  cent  of  unsaturated  and 


12  per  cent  of  saturated  acids,  which  figures  appear  to  be  accurate,  but 
he  considers  that  half  of  the  unsaturated  acid  is  an  isomer  of  linolic  acid, 
15  per  cent  is  linolic  acid,  and  35  per  cent  is  oleic  acid. 

Smith'*  and  Baughman  and  Jamieson^  agree  within  reasonable  limits 
in  their  conclusion  as  to  the  proportion  of  saturated  to  unsaturated  acids 
and  percentages  of  linolenic,  linolic,  and  oleic  acids  in  the  latter,  but 
Smith  does  not  give  the  percentages  of  saturated  acids  nor  does  Kauf- 

****^****-''  /  4-  0*^1 

Grossfeld  found  erucic  acid  in  about  the  same  amount  (1.73  to 
per  cent)  as  in  linseed  (which  see). 

.  Arch.  Pharm.  1911,  249,  424.  -  .I-  Ind.  En^.  Chem.  1922  14,  530. 

J  J.  Am.  Chem.  Soc.  1922,  44,  2947.  ‘  Allg.  Ol-Fctt.  Ztg.  1930,  27,  325. 

3  Chem.  Z.  1911,  36,  939. 
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Composition  of  Soy  Oil 


Baugh¬ 
man  and 
Jamieson 

Smith 

Kauf 

Manchurian 

mann 

American 

Crude 

Refined 

Crude 

Refined 

% 

% 

% 

% 

% 

% 

Glycerides  of : 

Lignoceric  acid . 

0.1] 

Arachidic  acid . 

0.7 

9.3 

15.1 

15.7 

15.0 

14.7 

Stearic  acid . 

4.4 

Palmitic  acid . 

6.8 

Oleic  acid . 

33.4 

26.5 

21.1 

25.7 

24.5 

24.6 

Linolic  acid . 

51.5 

56 . 6 

54.5 

50.9 

53.3 

50.2 

Linolenic  acid . 

2.3 

2.4 

8.1 

7.0 

6.4 

9.9 

Unsaponifiable  matter .... 

0.6 

1.2 

0.6 

0.7 

0.6 

99.8 

94.8 

100.0 

99.9 

99.9 

100.0 

Sterols.  Matthes  and  Dahle  ^  separate  by  petroleum  ether  the 
unsaponifiable  matter  (0.7  per  cent)  into  (1)  55  per  cent  of  a  crystalline 
portion  and  (2)  45  per  cent  of  a  soluble  liquid  portion.  About  97  per 
cent  of  the  crystalline  portion  is  a  levorotatory  phytosterol,  melting 
at  139°  C.,  with  one  double  linkage;  the  remainder  is  a  phytosterol, 
melting  at  169  C.,  with  two  double  linkages,  identical  with  the  stig- 
masterol  of  Windaus  and  Hauth  occurring  in  Calabar  beans.  The 
liquid  portion  consists  of  unsaturated  oxygenated  substances  with  the 
same  ratio  of  carbon  to  hydrogen  as  in  the  phytosterol. 

Carbohydrates.— Levallois  ^  found  in  the  soy  bean  as  high  as  11  per 
cent  of  galactan. 


Borghesani  ^  reports  3.86  to  2.86  per  cent  of  pentosans,  also  methyl- 
pentosans,  the  ratio  of  pentosans  to  methylpentosans  being  6.2  ;  1. 

According  to  Miyake,  “  pentosans  and  methylpentosans  are  distinctly 
skeletal  constituents  not  used  in  germination  unless  other  substances  are 
exhausted  and  then  methylpentosans  are  appropriated  more  than  pen- 


As  noted  under  Microscopic  Structure,  starch,  according  to  Harz. 


^  Arch.  Pharm.  1911,  249,  436. 

^Compt.  rend.  1878,  90,  1293;  1881,  93,  281. 

’Staz.  sper.  agr.  ital.  1907,  40,  118;  J.  Landw.  1910,  68,  77 
J.  Col.  Agr.  Tohoku  Imp.  Univ.  Japan,  1913,  4,  327 
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(Iocs  not  occur  in  ripe  and  matured  seeds,  only  in  unripe  or  insufficiently 
matured  seeds;  Kondo,  on  the  other  hand,  found  that  it  is  a  normal 
constituent  of  certain  varieties. 

An  analysis  by  Street  and  Bailey  '  of  beans  of  the  Ilollybrook  variety, 
containing  31.08  per  cent  of  nitrogen-frc'e  extract  and  fiber,  gave  the 
following  results: 


C.\RBOHYDRATE.S  OF  SoY  BeAN  (StREET  AND  BaILEY) 


% 

Galactan  * .  4.86 

Pento.sans .  4.94 

Organic  acid  t .  L44 

Invert  .sugar .  0.07 

Sucrose .  3.31 

Riiffinose .  1.13 

Starch .  0.50 

Cellulose . .  3.29 

Undetermined  heinicelluloses .  0  04 

Dextrin .  3.14 

Waxes,  color,  tannin,  etc.  (difT.) .  8  <>0 


Galactan  from  raffinose 


31 .32 
0.24 


31 .08 

*  IncIu<los  0.24  por  cont  from  rftffinoHo.  t  Calculated  as  citric. 


Tanret  ^  isolated  stachyose  from  the  .soy  bean. 

Phosphorus-Organic  Compounds —Lecithin  was  found  by  Schulze 
in  the  soy  bean  to  the  extent  of  1.64  per  cent,  calculated  to  the  dry 

Saponins.-A  saponin  (C52H80O21)  discovered  by  Sumiki,^  as  shown 
bv  hydrolysis,  consisted  of  one  molecule  each  of  sapogenm,  glucose, 
rhamnose,  arabinose,  and  a  fifth  substance,  probably  an  organic  aci 
(mesoxalic).  Sumiki  later  ^  prepared  from  the  70  per  cent  alco  01 
solution  of  the  free  saponin,  by  neutralization  with 
the  sodium  salt  which  crystallizes  as  hexagonal  plates.  1  he  toxici  y 

of  the  saponin  is  low. 


1  Ix)c.  cit. 

2  Compt.  rend.  1912,  166,  1526. 

3  Landw.  .Jahrb.  Schweiz,  1892,  6,  72. 

*  Bull.  Agr.  Chem.  Soc.  Japan  1929,  5,  27. 
5  Ibid.  1930,  6,  49. 
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Enzymes. — Urease,  the  enzyme-liberating  ammonia  from  urea,  first 
discovered  by  Musculus  ^  in  urine,  later  found  in  various  molds,  was 
shown  by  Takeuchi  ^  to  be  present  in  especially  large  amount  in  the  soy 
bean.  He  applied  the  principle  to  the  manufacture  of  ammonium  sul¬ 
phate  from  urine.  Takeuchi^  also  showed  that  urease  does  not  act  on 
uric  acid,  guanidine,  arginine,  creatine,  and  allantoin.  The  enzyme  is 
readily  prepared,  as  recommended  by  Jacoby  and  Sugga,'*  by  extracting 
the  defatted  meal  with  water  at  0°  C.,  evaporating  and  drying  at  room 
temperature. 

As  shown  by  Hindmarsh,^  varieties  of  soy  beans  as  well  as  other 
legumes  differ  in  their  urease  content,  some  containing  less  than  half  as 
much  as  others.  Wagenaar  ®  finds  urease  only  in  the  embryo,  chiefly 
in  the  outer  epiderm  of  the  cotyledon. 

The  co-enzijme  also  present  in  soy  bean  is  believed  by  Onodera  "  to 
consist  of  two  groups  of  components  only  one  of  which  dialyzes.  A  solu¬ 
tion  which  had  lost  its  activity  was  again  activated  by  the  addition  of  a 
small  amount  of  fresh  urease.  Germinating  soy  beans  contain  urease  in 
greatly  increased  amount  but  no  co-enzyme. 

Zemplen  ®  found  urease  in  several  other  leguminous  seeds  but  not  in 
cereals.  Fernandez  and  Pizarrosa^  and  Nemac  found  it  in  various 
high-protein  seeds  and  even  in  cereals. 

t/rfcase.— This  enzyme,  also  present  in  the  soy  bean,  decomposes 
uric  acid  with  the  formation  of  allantoin.  As  shown  by  Fosse,  Brunei, 
De  Graeve,  Thomas,  and  Sarazin^i  it  may  be  destroyed  without  injury  to 
the  urease  by  maceration  of  the  ground  bean  with  water  and  after 
standing  overnight  in  an  icebox  heating  30  minutes  at  78°  C.  or  by 
drying  over  calcium  chloride  and  heating  in  sealed  tubes  50  hours 


Allantoinase  is  also  uninjured  by  the  foregoing  treatment 
Mineral  Constituents.-In  the  table  below  are  the  extreme  results 
recalculated,  of  analyses  of  soy  beans  grown  in  China,  Austria,  and 


1  Compt.  rend.  1874,  78,  132. 

*  J.  Col.  Agr.  Tokyo,  1909,  1,  1414. 

^Chem.  Ztg.  1911,  36,  408. 

^  Biochem.  Z.  1915,  69,  116. 

®  Australian  J  Exptl.  Biol.  Med.  Sci.  1926  3  167 
®  Pharm.  Weekbl.  1924,  61,  535.  ’  ’ 

^  Biochem.  J.  1915,  9,  575. 

*  Z.  physiol.  Chem.  1912,  79,  229. 

®  An.  soc.  espan.  fis.  quim.  1917,  16.  209 

Biochem.  Z.  1918,  91,  126. 

"  Compt.  rend.  1930,  191,  1025. 
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France,  reported  by  Pellet,^  also  the  results  of  a  single  analysis  reported 
by  Schwackhofer  -  and  of  one,  recalculated,  reported  by  Haskins. ^ 


Analyses  of  Soy  Bean  Ash 


Ash  * 

K2O 

Na2() 

CaO 

MgO 

P2O5 

SO* 

Si02 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Pellet: 

4  66 

45.4 

1.6t 

4 . 5 

6.5 

30 . 5 

1.4 

1.2 

0.8 

5  10 

46.9 

4.9t 

9.8 

8.6 

32.3 

4.8 

1.2 

0.8 

Schwackhofer 

2.87 

44.6 

1.0 

5.. 3 

8.9 

trace 

36.9 

2.7 

trace 

0.3 

Haskins.  .  .  . 

2.86 

44.1 

1.1 

5.9 

8.7 

36.4 

2.8 

0.4 

*  In  whole  beana.  t  Includes  Fe203  and  AloO*. 


Minor  Mineral  Constituents,  /row.— In  10  varieties  57  to  88,  aver.  74  mg.  per 
kilo,  dry  basis  ( AI c H argue). ^ 

Manganese. — In  the  10  varieties  tested  for  iron,  21  to  41,  aver.  28  mg.  per  kilo, 
dry  basis  (McIIargue).'*  Bean  12.6  mg.  per  kilo,  air-dry  basis  (Quartaroli).® 

Copper.— Bean  12  mg.  per  kilo,  dry  basis  (McHargue);*  21.75  mg.  per  kilo,  air- 
dry  basis  (Quartaroli) ;  ®  9  mg.  per  kilo,  air-dry  basis  (Guerithault)  15.9  mg.  per 

kilo,  dry  basis  (Hirano  and  Mikumo).* 

— Bean  18.4  mg.  per  kilo,  dry  basis  (McHargue).®  Dry  bean  0.12  mg.  per 

kilo,  air-dry  basis  (Birckner).®  Bean  20  mg.  per  kilo,  air-dry  basis  (Bertrand  and 
Benzon).^” 

/odfne.— None  (Winterstein).^^ 


1  Ber.  1880,  13,  1483. 

*  Landw.  Vers.-Stat.  1877,  20,  265. 

3  Massachusetts  Agr.  Exp.  Sta.  1919,  Sixjc.  Bui. 

*  J.  Agr.  Res.  1923,  23,  395. 

®  Ann.  chim.  appl.  1928,  18,  47. 

*  ,1.  Agr.  Res.  1925,  30,  193. 

^  Compt.  rend.  1920,  171,  196. 

*  J.  Pharm.  Soc.  Japan  1925,  626,  992. 

9  J.  Biol.  Chem.  1919,  38,  191. 

1“  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 

Z.  physiol.  Chem.  1918,  104,  54. 


SEEDS  OF  THE  FLAX  FAMILY 


(Linacex) 

Only  one  seed,  namely,  linseed  known  also  as  flax  seed,  is  here 
described. 

LINSEED 

Linu7n  usitatissimum  L. 


Fr.  Lin.  Sp.  Linaza.  It.  Lino.  Ger.  Leinsamen. 

The  cultivation  of  common  or  annual  flax  for  fiber  extends  back  to 
early  Assyrian  and  Egyptian  civilization.  Before  its  introduction  into 
Europe  the  lake  dwellers  and  inhabitants  of  northern  Italy  depended 
on  perennial  flax  (L.  angustifolium)  for  flax  fiber. 

Although  the  same  species  yields  fiber  and  oil  seed,  the  latter  must 
reach  maturity  before  it  can  be  used  for  oil  production,  whereas  the  fiber 
IS  m  the  best  condition  at  an  earlier  stage.  It  follows  that  the  cultiva¬ 
tion  of  the  crop  for  the  two  purposes  is  entirely  distinct. 

The  seed  is  grown  for  oil  in  Russia,  India,  northern  Africa,  Argentina 
Canada  and  the  United  States.  Because  of  its  drying  properties  the 
oil  IS  indispensable  for  paint  and  kindred  technical  uses  such  as  the  man- 
uiacture  of  floor  coverings. 

The  cake  is  a  nutritious  and  bland  concentrated  food  for  cattle,  best 

nown  in  the  United  States  in  the  form  of  linseed  meal.  That  obtained 

by  pressing  the  crushed  and  heated  seed  is  known  as  “  old  process  ” 

hat  obtained  by  e.xtraction  with  a  fat  solvent  as  “  new  process.”  The 

less  valuable  by-product,  obtained  from  the  threshed  seed  consisting 

o  broken  pods,  fragments  of  stem,  and  broken  and  immature  sS  "s 
also  utilized  as  a  cattle  food.  ’ 

MACROSCOPIC  STRUCTURE.-Flax /niccra  have  five  senals 

A  single  flattened,  ellipsoidal,  lustrous,  brown  or  vellow  «  t 

up  to  6  mm.  in  length,  is  contained  in  each  cell  “^t^opous 
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Fia.  218.  Fio.  219. 

Fiq.  218. — Linseed.  Dehiacinn 

fruit  with  sepals  and  pedicel.  X  2. 


The  mucilaginous  spermoderm  (Fig.  219,  S),  about  0.2  mm.  thick, 
encloses  an  endosperm  {E)  somewhat  thicker,  and  this  in  turn  the 
straight  embryo  consisting  largely  of  two  flat  cotyledons  (C).  Cross 

sections  of  the  seed  show  under  a  lens  in  each 
cotyledon  a  row  of  undeveloped  fibro-vascular 
bundles.  , 

MICROSCOPIC  STRUCTURE.  — The 
remarkable  calyx  and  pericarp  tissues  are 
described  by  K.  B.  Winton;  ^  those  of  the  seed 
by  various  authors  on  the  microscopy  of  drugs 
and  foods. 

(K.B.w.)  Pedicel.  —  Analogous  to  the  stalk  that 

Fig.  219.— Linseed.  Cross  sec-  fiber,  the  tissues  are  (1)  epiderm 

iiiK  outer  white  and  inner  brown  of  longitudinally  elongated  rcctangular  porous 

tissue;  E  endosperm;  C  cotyle-  stOmata,  (2)  COHeX  of  thin-Walled 

dons.  X 10  (  '  )  parenchyma,  (3)  phloem  of  sieve  tubes  and 

groups  of  greatly  elongated  bast  fibers  with  thick  walls  and  occa¬ 
sional  cross  striations  resembling  the  fibers  of  the  stalk,  and  (4)  xylem 
consisting  of  spiral  and  pitted  vessels,  wood  fibers,  and  parenchyma. 

Calyx. — Both  epiderms  consist  of  longitudinally  elongated  wavy- 
walled  cells  and  stomata  with  faintly  striated  cuticle.  Several  layers  of 
parenchyma  through  which  run  small  bundles  form  the  mesophyl 
Pericarp. — The  outer 
walls  (Figs.  220  and  221) 
consist  of  five  distinct 
tissues:  (1)  epicarp  (epi) 
of  somewhat  elongated 
cells,  often  collapsed,  (2) 
longitudinal  rows  of  de¬ 
tached  crystal  cells  (cr), 

lens-shaped  in  cross  sec-  — end 

tion,  each  with  a  single  220.— Linseed.  Pericarp  in  cross  section,  cpt  epi- 

monoclinic  crystal  of  cal-  hy^  hypoderm 

cium  oxalate  to  which  the  of  outer  wall;  mesmesocarp;  end  endocarp.  X 

imei  contouMS)  hypoderm  of  transversely  (at  the  sutures 
inalTy)  eCated  ceUr  (hy^)  with  thick,  porous  walls,  the  outer  wa 
•  +•  r4')  mesocarv  (mes)  of  large  porous  cells,  and  (  ) 

.h«. .h. 

1  Bot.  Gaz.  1914,  68,  445. 
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Fig.  221. — Linseed.  Elements  of  pericarp  in  sur¬ 
face  view,  epi  epicarp;  cr  crystal  cells;  hy^  pro¬ 
jections  of  outer  wall  of  hy"^  hypoderm;  mes  meso- 
carp;  end  endocarp.  X  IGO.  (K.B.W.) 


222)  with  elongated  pitted  cells,  arranged  in  groups,  and  between  the 
two  an  inconspicuous  empty  parenchyma.  The  epiderms  are  striking 
and  characteristic  by  reason 
of  the  parquetry-like  ar- 
rangement  of  the  cells,  the 
frequent  crossing  of  the  cells 
of  the  two  layers  and  the 
sinuous  walls  at  the  free 
edges. 

Spermoderm  (Fig.  223,  N; 

Fig.  224). — Five  distinct 
tissues,  all  but  the  fourth 
highly  characteristic,  are  ]jy2 
classed  as  spermoderm, 
although  it  is  quite  possible 
that  the  inner  layer  is  peri- 
sperm:  (1)  outer  epiderm  {ep) 
of  transparent  brittle  cells 
with  a  granular  cuticle  and  mucilaginous  contents,  (2)  round  cells  (r)  in 
loose  contact,  (3)  longitudinal  fibers,  (/)  with  thick  porous  walls,  so  ar¬ 
ranged  that  groups  have  their 
ends  in  a  row,  forming  a  single 
or  double  layer,  (4)  transverse 
fibers  {tr)  with  thin  walls,  and 
(5)  pigment  cells  {pig),  often 
nearly  square,  with  finely  beaded 
walls  and  dark  contents. 

Commonly  the  first  four 
layers  hold  together  in  the 
ground  material,  the  combina¬ 
tion  being  especially  character¬ 
istic. 

The  mucilage  of  the  outer 
epiderm,  which  gives  the  seed 
its  value  as  a  poultice  material, 
is  studied  in  cross  section  by  the 
^  ^  method  employed  for  cruciferous 

Fig.  222.— Linseed.  Epiderm  of  dissepiment  in  namely,  mounting  in 

surface  view.  X 160.  (K.B.W.)  alcohol  and  drawing  water  under 

Ihc  cell.  The  hne  separating  the  cuticle  from  the  outer  cell  S  “ 
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finely  toothed,  causing  the  granular  appearance  in  surface  view, 
cracking  of  the  layer  is  in  straight  lines,  although  wavy  cracks 
also  present. 

Only  the  inner  walls  of  the  round  cells  adjoining  the  next  layer  are 
conspicuously  thickened.  The  longitudinal  fibers,  as  is  apparent  in 
cross  section,  are  somewhat  higher  than  broad.  Treatment  with  ferric 

chloride  imparts  to  the  contents  of 
the  'pigment  cells  a  dark  blue  color 
showing  the  presence  of  tannin. 

Endosperm  (Figs.  223  and  224, 
E-). — At  the  edge  of  the  seed  the 
endosperm  is  only  two  or  three  cells 
thick,  in  the  middle  up  to  five  or  six 
cells  thick.  The  walls  are  somewhat 
thickened.  The  contents  are  aleurone 
grains  (al^)  irregular  in  shape,  crinkly 
in  outline,  up  to  20  p  measured  along 
their  longest  axis.  A  globoid  is 
usually  apparent  in  the  narrow  end 
and  a  large  crystalloid  in  the  body  of 
the  grain. 

X  ^  Embryo  (Figs.  223  and  224).  The 
cotyledons  (C),  which  constitute  the 
bulk  of  the  seed,  have  walls  thinner 
^  .r.nn  s  than  those  of  the  endosperm.  The 

epermoderm:  ep  epiderni.  r  round  cells,  cclls  of  the  epiderm  (c)  m  SUrfaCe  VieW 

/  longitudinal  fibers,  tr  transverse  fibers  partlv  large  and  partly  Small  in 

groups,  the  latter  forming  incipient 
aleurone  grains.  X 300.  (K.B.w.)  stomata.  Aleuroue  grains  (at )  like 

those  of  the  endosperm  but  not  so  crinkly  in  outline  are  the  visible 
contents  To  bring  out  the  characters  of  the  aleurone  gram  ,  g 
recommends  staining  with  cochineal  or  naphthalene  blue  after  extracting 

C„.oi.cr.ns.-Seed  nattened,  ellip.idaU«. 
trous,  brown  or  yellow,  up  to  6  mm.  long,  anatropous.  Kndosperm 
and  embryo  about  equal  m  bulk.  round  cells,  thick- 

walfed  Xt"rornt tMn-walled  fibers,  '  Endolp"^^^^ 

globoid.  ^  ^  Nahr.-Genussm.  Berlin,  1899,  p.  Ml. 
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Fig.  224.  Linseed.  Elements  in  surface  view.  Spermoderm:  ep  outer  epi- 
derm,  r  round  cells,  /  longitudinal  fibers  showing  at  a:  their  middle  lamella  on  the 
layer  below,  tr  transverse  fibers,  pig  pigment  cells.  E  endosperm  ^vith  al  aleurone 
vQne*  ^  epiderm  with  sto  immature  stomata,  mes  mesophyl. 

CHEMICAL  COMPOSITION.— Analyses  are  of  value  in  cattle 
feeding  and  in  the  oil  industry.  Cleaned  seeds,  analyzed  by  Haselhoff  i 
gave  the  results  in  the  following  table:  ’ 


Composition  of  ] 

.INSEED  FROM  DIFFERENT  REGIONS  (HaSELHOFfI 

Source 

Water 

Protein 

Fat 

N-f.ext.  * 

Ash 

Acid  No. 

fConigsberg .  . . 

% 

8.29 

6.88 

7.23 

6.59 

6.31 

7  no 

% 

OO 

% 

36 . 47 
34.98 
35 . 49 
35.33 

39.47 

% 

% 

'  ■ 

VIecklenburg 

9Q  PiA 

27.09 

4.54 

3.6 

^orth  Russia .  .  . 

Zfj  .  04 

25.10 
26 . 55 
23.03 
24.75 

30.79 

3.81 

2.4 

5outh  Russia . 

27.00 

4.28 

3.2 

X)uth  America. 

28 . 23 

3.30 

2.4 

i<ast  Indies.  . 

27.86 

3.33 

2.8 

- - - 

1  .  \)ij 

37.28 

27.61 

3.27 

2.4 

*  Includos  fiber. 


*  Landw.  Vers.-Stat.  1892,  41,  55. 
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The  following;  table  shows  the  variation  in  composition  attributable 
to  the  source  of  the  seed:  ^ 


Composition  of  Linseed  CJiiown  in  England  from  Foreign  Seed 


Calcutta 

Morocco 

Ode8.««i 

1 

Steepe 

Turkey 

Berdi- 

ansk 

Protein . 

% 

22.12 

36.13 

18.36 

% 

23.00 

38.36 

19.49 

% 

23.50 

39.65 

18.58 

% 

20.81 

30.23 

17.31 

% 

22.12 

35.09 

18.65 

% 

21.56 

30.26 

19.52 

Fat . 

Soluble  carbohydrates .... 

Examination  by  Sheppard  ^  of  seed  from  different  countries  and  it? 
impurities  yielded  the  following  results: 


Weight,  Impurities,  and  Oil  Content  of  I.inseed  (Sheppard) 


1 

r.  S.  A. 

U.  S.  A. 

La 

Plata 

Cal¬ 

cutta 

Bombay 

South 

Russia 

North 

Russia 

Sp.  gr.  of  seed  15.5®  C. . . 

1 . 1388 

1.1415 

1 . 1326 

1 . 1 182 

1 . 1375 

1 . 145^ 

Av.  wt.  pier  seed,  mg. .  . 

4.61 

4.53 

5.58 

5.41 

7.88 

5.74 

4.19 

Oily  impurities,  pier  cent 

1.50 

1.01 

0.58 

4.85 

0.81 

5.05 

3.31 

Non-oily  impurities,  per 

cent . 

1.69 

1 .05 

5.64 

5.03 

2.80 

1.71 

1 .97 

Oil  in  sampile,  per  cent . 

39.67 

39.40 

36.98 

40.82 

41.23 

39.11 

36.95 

Oil  in  impurities,  per 

cent . 

10.0 

14.1 

14.9 

Linseed  Cake— Haselhoff  ^  gives  the  following  results  showing  tha 
difference  between  pressed  and  benzine  extracted  seed: 


- - — ^ — 

Expressed 

• 

Extracted 

Protein . 

Fat . 

% 

34.13 

11.04 

% 

31.80 

10.42 

% 

36.43 

9.86 

% 

40.14 

4.19 

% 

40.02 

2.85 

% 

40.05 

2.95 

1  J.  B(l.  Apr.,  London,  1913,  20,  377;  Exp.  Sta.  Rec.  30,  637. 
*.T.  Ind.  Eng.  Chem.  1912,  4,  14. 

T>oc.  cit. 
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I  In  the  United  States  the  ground  press  cake  is  known  as  linseed  meal 
!  and  designated  old  process  or  new  process,  according  as  the  oil  was 
expressed  or  extracted  with  a  petroleum  solvent.  The  composition  of 
the  two  kinds  is  shown  in  the  following  table  made  up  of  figures  from 
Jenkins  and  Winton’s  Compilation  ^  and  the  average  of  results  as 
reported  by  Lindsey,  Smith,  and  Beals 


Composition  of  Linseed  Meal 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Old  Process  (expressed) : 

Jenkins  and  Winton 

21 

Min . 

5.60 

27.68 

5.06 

28.38 

4.68 

4.59 

Max . 

12.43 

38.19 

11.57 

41.89 

13.25 

8.16 

Aver . 

9.16 

32.93 

7.91 

36.40 

8.88 

6.72 

Lindsey,  Smith,  and 

Beals 

222 

Aver . 

8.6 

34.4 

6.8 

36.6 

8  3 

6  5 

NewProcess  (extracted) : 

Jenkins  and  Winton 

14 

Min . 

6.01 

27.12 

1.30 

35.22 

7.58 

4.96 

Max . 

13.35 

38.35 

4.36 

48.03 

13.99 

6.85 

Aver . 

Lindsey,  Smith,  and 

10.07 

33.17 

2.99 

38.46 

9.49 

6.82 

Beals 

77 

Aver . 

9.00 

37.6 

2.7 

36.2 

8.8 

6.8 

^oteins.— Osborne  3  separated  from  linseed  (1)  a  crystalline  alohuhn 
evidently  identical  with  the  edestin  of  squash  seed,  casto  bean  “nd 
hemp  seed,  (2)  an  aJhu^in,  (3)  a  vrctein,  resembling  both  albumin  and 
^  ^Sulated  by  long  continued  heating  at  100°  C  as  well  as  bv 

^  ^^Vtone-uL 

for  3  42  and  3  48  ^  of  extractions  he  accounted 

tor  3.42  and  3.48  per  cent  of  nitrogen  respectively  out  of  a  total  of  8  40 

per  cent  as  shown  in  the  table  on  the  following  page. 

The  remainder  of  the  protein  matter  doubtless  consists  in  1 

of  one  or  more  glutelins  which  appear  to  have  escaped  the 
specialists  in  protein  chemistry.  •  ^  ^  attention  of 

2  M  1^92,  Bui.  11. 

J  Agr.  Exp.  sta.  1919,  Spec.  Bui 

Am.  Chem.  J.  1892,  14,  629. 
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A 

B 

Protein 

Nitrogen 

Protein 

Nitrogen 

% 

% 

% 

% 

Edestin . 

13.5 

2.51 

16.0 

2.92 

Coagulum . 

0.8 

0.14 

1.0 

0.17 

Proteose . 

3.7 

0.59 

1.3 

0.16 

Glutelin . 

1.3 

0.18 

1.6 

0.23 

19.3 

3.42 

19.9 

3.48 

Residue . 

0.43 

0.46 

3.85 

3.94 

Loss . 

4.55 

4.46 

8.40 

8.40 

The  Ultimate  Composition  of  the  linseed  proteins  as  found  by  Osborne 
follows : 


Edestin 

Coagulum 

Proteose 

% 

% 

% 

Carbon . 

51.48 

50.14 

49.98 

Hydrogen . 

6.94 

6.72 

6.95 

Nitrogen . 

18.60 

17.54 

18.78 

Sulphur . 

0.81  \ 

25.70 

24.29 

Oxygen . 

22.17  I 

100.00 

100.00 

100.00 

The  average  nitrogen  content  of  the  protein  matter  was  found  by 
Osborne  to  be  about  18  per  cent,  hence  the  factor  5.55  is  suggested  for 

calculation  of  the  protein  in  linseed  meal. 

Amino  Acids  of  Linseed  Proteins.— extracted  protein 
matter,  consisting  chiefly  of  globulin,  from  linseed  meal  by  two  solvents: 
(1)  10  per  cent  salt  solution  and  (2)  0.2  per  cent  potassium  hydroxide 
solution,  the  second  method  being  preferred.  After  hydrolysis,  the 
glutamic  acid  was  separated  by  freezing  the  remaining  ammo  acics 
esterified,  and  the  esters  were  extracted  by  Levene  s  metho  ,  a 
which  Fischer’s  method  was  followed. 

1  J.  Agr.  Sci.  1910,  3,  358. 
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Products  of  Hydrolysis  of  Linseed  Proteins  (Foreman) 

% 

Glycocoll . present 

Alanine .  1.03 

Valine .  12.71 


Leusine  1 
Isoleucine  J  '  ’  ‘ 

Serine . 

Aspartic  acid . 
Glutamic  acid 

Tyrosine . 

Phenylalanine 

Proline . 

Tryptophane . 

Arginine . 

Lysine . 

Histidine . 

Ammonia .  .  ,  . 


3.97 

present 

1.65 
11.58 

0.65 

4.14 

2.85 

present 

6.06 

1.19 

1.66 
1.94 


49.43 


Noteworthy  are  the  high  valine  content  and  the  low  tyrosine  content, 
the  latter  probably  clue  to  the  method. 

Jones,  Gersdorff,  and  Moeller  ^  report  in  linseed  globulin  1.20  per 
cent  of  cystine  and  3.98  per  cent  of  tryptophane. 

Nitrogen  Distr'ibution  in  Linseed  Meal. — The  following  results  by 
Van  Slyke’s  method  are  those  reported  by  Hamilton,  Uyei,  Baker, 
and  Grindley:^  humin  nitrogen  5.09,  arginine  nitrogen  15.92,  cystine 
nitrogen  1.07,  histidine  nitrogen  6.14,  lysine  nitrogen  3.68,  mono¬ 
amino  nitrogen  in  filtrate  from  bases  44.55,  proline,  oxy proline,  trypto¬ 
phane,  and  non-amino  nitrogen  in  filtrate  from  bases  3.26,  ether-soluble 
nitrogen  0.12,  alcohol-soluble  nitrogen  0.37,  non-protein  nitrogen  soluble 
in  cold  1  per  cent  trichloracetic  acid  in  filtrate  from  colloidal  iron  7.88, 
amide  nitrogen  10.86,  and  nitrogen  lost  in  method  of  analysis  2.80* 
total  101.74  per  cent.  ’ 

on.— Linseed  oil  is  used  as  such  for  food  in  Europe,  especially  Russia, 
and  India,  also  to  a  limited  extent  in  butter  substitutes.  Being  the 
drying  oil  par  excellence,  it  is  especially  suited  for  paints  and  varnishes 
Those  concerned  with  its  technical  uses  will  find  its  properties  fully 

escribed  in  the  works  of  Allen,  Lewkowitsch,  Revis  and  Bolton,  and 
Others  on  fats  and  oils.  ’ 


Physical  and  Chemical  Values.-The  values  in  the  table  below  suffice 
to  characterize  the  oil  e.xtracted  with  a  suitable  solvent  from  linseed 


M.  Biol.  Chem.  1924,  62,  183. 

*  J.  Am.  Chem.  Soc.  1923,  46,  815. 
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Sp.  gr. 
15.5°  C. 

Refractive 
index 
25°  C. 

Mau- 

men6 

No. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

Unsapon- 

ifiable 

matter 

Min . 

0.931 

1 . 4782 

90 

190 

170 

°C.  ' 
19 

% 

0.5 

Max . 

0.938 

1.4825 

145 

196 

202 

21 

2.0 

Sheppard/  in  the  oils  from  the  seeds  described  above,  determined 
specific  gravity  at  15.5°  C.,  refractive  index  at  25°  C.,  and  Hanus  iodine 
number,  the  range  being  respectively :  0.9316  to  0.9354,  1.4782  to  1.4815, 
and  171.1  to  196.4.  He  was  unable  to  establish  any  marked  differences 
between  the  oil  from  the  fresh  seed  and  from  seed  stored  two  and 
one-half  years  in  closed  jars,  or  between  the  expressed  and  the 
extracted  oil. 

Composition  of  Linseed  Oil. — As  shown  by  the  high  iodine  number, 
the  oil  consists  largely  of  acids  of  a  higher  degree  of  unsaturation  than 
oleic  acid.  Linolic  acid  of  the  CnH2n-402  series  and  linolenic  acid,  or 
isolinolenic,  or  both,  of  the  C„H2„-602  series  appear  to  predominate, 
but  authorities  have  widely  differing  views  as  to  the  proportion  of  these 
acids.  Solid  acids  and  oleic  acid  are  doubtless  present  in  smaller 
amounts.  The  subject  is  discussed  at  length  by  Lewkowitsch.^ 

Recent  investigations  by  Grossfeld  ^  show  a  range  of  total  solid  acids 
from  6.81  to  13.92  per  cent,  of  which  1.73  to  2.34  per  cent  is  erucic  acid 
and  4.61  to  11.92  per  cent  is  palmitic  acid. 

Sterols. — Anderson  and  Moore  ^  separated  two  phytosterols:  (1) 
with  melting  point  138°  C.  (acetate  129  to  130°)  and  polarization 
—  34.22°  and  (2)  with  melting  point  at  about  134°  C.  (acetate  124°)  and 

polarization  —31.16°. 

Carbohydrates. — The  mucilage  of  the  epidermal  cells  of  the  spermo- 
derm,  according  to  Fendler,^  has  the  formula  CgHioOs,  is  dextrorotatory, 
and  on  inversion  with  acid  splits  up  into  a  dextrorotatory  gum  and  a 
sugar.  After  boiling  the  solution  the  liquid  may  be  filtered  and  the 
mucilage  obtained  with  an  ash  content  of  10  per  cent.  Kirschner  and 
Tollens  ^  have  so  purified  the  substance  as  to  reduce  the  ash  to  0.7  per 
cent.  They  state  that  5  to  6  per  cent  of  the  mucilage  occurs  m  the  seed. 

^  Loc.  cit. 

2  Chem.  Tech.  Anal.  Oils  etc.  1913,  1,  568;  1914,  2,  60. 

3  Z.  Enters.  Lebensm.  1930,  60,  412. 

^J.  Am.  Chem.  Soc.  1923,  46,  1944. 

®  Real.  Enzy.  ges.  Pharm.  1907,  8,  153. 

*  J.  Landw.  1874,  22,  502. 
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Glucosides. — Linamarin,  discovered  in  the  young  plant  by  Jorissen 
and  Hairs/  occurs  also  in  the  seed.  It  is  a  bitter  substance,  identical  or 
isomeric  with  the  phaseolunatin  of  Dunstan  and  Henry,  ^  which  is  split 
up  by  the  accompanying  enzyme  linase,  studied  by  Armstrong  and  Eyre, 
into  hydrocyanic  acid  and  reducing  sugar.  It  is  separated  from  an  alco¬ 
holic  extract  of  the  meal  as  colorless  crystalline  needles  melting  at 
134°  C. 

Determinations  of  hydrocyanic  acid  by  Henry  and  Auld  ^  gave 
0.009  to  0.17  per  cent  in  the  plant  and  0.008  to  0.01  per  cent  in  the  seed. 
The  enzyme  is  rendered  inactive  by  the  hot  wet  process  of  extraction. 

Collins  ^  showed  that  acid  of  even  less  strength  than  that  of  the  gastric 
juice  greatly  retards  the  formation  of  hydrocyanic  acid. 

Collins  and  Blair  ^  found  that  heating  at  100°  C.  with  a  large  bulk  of 
water  prevents  the  enzyme  action  entirely,  although  dry  heating  increases 
it.  A  lumpy  condition  that  prevents  penetration  of  a  considerable 
amount  of  liquid  promotes  the  formation  of  hydrocyanic  acid. 

Phosphorus-Organic  Compounds. — Lecithin,  according  to  Schulze,® 
is  present  in  flax  seed  to  the  extent  of  0.85  per  cent,  which  is  nearly  twice 
that  in  the  cake,  namely  0.44  per  cent,  both  calculated  to  the  dry  sub¬ 
stance. 


Phytin  and  Nucleic  Acid— No  results  at  hand. 

Mineral  Constituents. — The  average  composition  of  the  ash  as  given 
by  Wolff  "  follows: 


Ash  * 

K2O 

Na20 

CaO 

MgO 

Fe203 

P2O5 

SO3 

Si02 

Cl 

% 

3.69 

% 

30.63 

% 

2.07 

% 

8.10 

% 

14.29 

% 

1.12 

% 

41.50 

% 

2.34 

% 

1.24 

% 

0.16 

*  In  seed. 


Minor  Miner^  /™».-Seed  85  mg.  per  kilo,  dry  basis  (McHargue)  » 

(ufuZZy  ''''''  (Wester);"  38  mg.  per  kilo,  dry  basis 

Ztnc.— Seed  19  mg.  per  kilo,  air-dry  basis  (Bertrand  and  Benzon)."" 

1  Bul.  Acad.  Roy.  Belg.  1891,  21,  529 

'  Rey-  Soc  1903,  72,  285;  1906,  78B,  145;  1907,  79B,  315 
3  J.  Soc.  Chem.  Ind.  1908,  27,  428. 

*J.  Chem.  Soc.  1912,  102,  II,  586. 

®  Analyst  1914,  39,  70. 

®  Landw.  Vers.-Stat.  1897,  49,  203.  ' 

^  Aschenanalysen,  1880,  p.  160. 

*  J.  Agr.  Res.  1923,  23,  395. 

®  Biochem.  Z.  1921,  118,  158. 

Bul.  soc.  hyg.  aliment.  1928,  16,  457. 


FRUITS  AND  NUTS  OF  THE  BURSERA  FAMILY 

{Hurseracex) 

Fruits  with  oily  inosocarp  {ind  hard  woody  endocarp  and  seeds  with 
oily  embryo  characterize  this  family. 

The  (diinese  olive  and  the  pili  nut  are  products  of  the  genus  Canarium. 


CHINESE  OLIVE 


Canarium  spp. 


Several  species  (C.  album,  C.  pimela,  etc.)  supply  the  Chinese  with 
oily  fruits  which,  picked  green,  are  salted  like  common  olives. 

MACROSCOPIC  STRUCTURE. — Salted  specimens  from  New  York 
Chinatown  were  2.5  to  4.  cm.  long,  with  a  stone  nearly  as  long.  The 
stone  resembles  a  pili  nut  but,  at  this  stage  of  growth  at  least,  none  of 
the  seeds  is  abortive,  the  three  cavities  being  of  equal  size. 

MICROSCOPIC  STRUCTURE.  Pericarp. — Cross  sections  show: 
(1)  epicarp  of  small,  thick-walled  cells,  (2)  mesocarp  of  several  layers 
similar  to  epicarp,  then  radial  chains,  several  cells  wide,  of  small  cells 
with  thick,  porous  walls  (25  /x),  alternating  with  chains  of  large  cells, 
and  (3)  endocarp  like  that  of  the  pili  nut  but  undeveloped. 

Vascular  bundles  occur  in  the  chains  of  small  cells,  also  secretory 
channels  characteristic  of  the  family.^  (.)il  forms  the  outstanding  cell 


contents. 

Spermoderm,  Endosperm,  and  Embryo.— As  in  immature  pili  nut. 
Chief  Structural  Characters. — Fruit  olive-like  with  triangular 


spindle-shaped  stone. 

Mesocarp  oily,  with  chains  of  large  and  small  cells  and  secretory 
channels. 

CHEMICAL  COMPOSITION.— Blasdalc, 2  in  tlie  pulp  of  C.  album, 
obtained  the  following  results  on  the  original  basis  with  73.2  per  cent 
of  water  and  the  <lry  basis,  respectively:  protein  0.77  and  2.86,  pure 
protein  0.61  and  2.28,  amides  0.15  and  0.57,  fat  6.55  and  24.46,  stare 
3  16  and  11.79,  sucrose  0.53  and  1.99,  reducing  sugar  1.95  and  7.2b 
fiber  4.15  and  15.48,  ash  1.50  and  5.61,  and  undeternuned  8.17  and 

30.53  per  cent. 

1  See  DeBary:  Comparative  Anatomy.  London,  1884,  p.  525. 

2  U  S.  Dept.  Agr.,  Off.  Exp.  Sta.,  1899,  Bui.  63. 
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PILI  NUT 


Canarium  spp. 


Among  the  species  said  to  yield  pili  nuts  are  C.  indicum  Stickm.,  C. 
commune  L.,  C.  polyphylluni,  C.  pachyphylluni,  C.  oleosum  (Lam.)  Engl., 
and  C.  luzonicum,  some  of  which  may  be  synonyms  or  varieties  assigned 


specific  names. 

Because  of  the  difficulty  in  cracking  the  thick  hard  shell  and  the 
relatively  small  amount  of  edible  matter,  albeit  of  excellent  flavor,  this 
nut  is  of  comparatively  small  importance.  Other  names  are  Java  almond 
and  canarium  nut. 

The  same  or  related  species  yield  oily  fruits  known  as  Chinese  olives. 

MACROSCOPIC  STRUCTURE. — As  the  outward  distinctions  of  the 
Brazil,  paradise,  and  pili  nuts  are  not  generally  known,  the  three  are 
shown  together  in  Fig.  225.  The  pili  nut  (I),  consisting  of  endocarp 
and  seed,  is  triangular,  spindle-shaped,  4  to  7  cm.  long,  of  a  reddish 
brown  color.  A  section,  sawed  at  right  angles  to  the  axis,  shows  that 
the  shell  (En)  is  about  3  mm.  in  thickness  on  the  sides,  more  on  the 
angles,  and  that  in  addition  to  the  main 
cell  cavity  there  are  two  very  small  ones 
{A),  one  in  the  cell  wall  of  each  of  two 
sides,  representing  abortive  seeds.  The 
section  also  shows  that  the  shell  tissues 
are  uniform  except  for  a  thin  inner  portion 
and  that  the  two  cotyledons  (C),  consti¬ 
tuting  the  bulk  of  the  embryo,  are  color¬ 
less  and  fleshy.  The  spermoderm  is  thin. 

MICROSCOPIC  STRUCTURE.— 


Young  1  has  made  a  careful  study  of  the 
nut.  Although  belonging  to  different 


Fig.  225. — I  Pili  Nut.  En  endo¬ 
carp;  A  abortive  fruit  cavities;  C 
cotyledons.  X 


families  and  morphologically  different,  r  radtie. 

the  pih  nut  m  certain  histological  details,  HI  Paradise  Nut.  s  spermoderm; 

as  well  as  its  triangular  form,  suggests  ^  fta  radicle,  xm- (a.l.w.)’ 

Brazil  and  paradise  nuts.  All  three  have  similar  stone  cells  in  the 

shell  and  aleurone  grains  in  the  embryo;  also  the  palisade  cells  of  the 

inner  shell  of  the  pili  nut  resemble  those  of  the  outer  epiderm  of  the 
other  two  nuts. 


Pericarp.-Sndocarp  tissues  are;  (1)  slone  cells,  mostly  isodiametric 

the  sh?and72t  7  "'’"‘ents,  making  up  the  bulk  o 

the  shel ,  and  (2)  pahsade  cells,  up  to  1  mm.  high,  with  thick  walls  anr 

narrow  lumen  except  at  the  outer  end  where  the  lumen  isTxparded 
'  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160,  34. 
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Spermoderni.  Three  layers  are  present;  (1)  outev  epidevin  of  iso- 
dianietric  or  slightly  elongated  brown  cells,  (2)  middle  layers  of  charac¬ 
terless  tissue  with  raphe,  and  (3)  inner  epiderm  of  minute  cells  {10  p  or 
less)  with  spirals  or  spiral-reticulations. 

Endosperm. — One  or  more  layers  of  colorless  empty  cells. 

Embryo. — The  aleurone  grains  of  the  cotyledons  reach  17  p.  Each 
large  grain  contains  a  distinct  crystalloid,  also  several  globoids  such  as 
occur  in  hazel  nut.  The  side  in  which  the  globoids  occur  has  an  irregu¬ 
lar  bubbly  appearance. 

Chief  Structural  Characters. — Nut  triangular,  spindle-shaped. 
Endocarp  thick,  woody.  Spermoderni  thin.  Embryo  with  bulky 
cotyledons. 

Outer  endocarp  of  stone  cells,  inner  endocarp  of  palisade  cells  up  to 
1  mm.,  with  enlarged  lumen  at  outer  end.  Spermoderm  with  small 
spiral  or  spiral-reticulated  cells  in  inner  epiderm.  Cotyledons  contain 
aleurone  grains  up  to  17  )u,  with  distinct  crystalloid  and  several  globoids. 

CHEMICAL  COMPOSITION. — Because  nuts  of  this  genus  are 
important  sources  of  solid  food  and  edible  oils  in  the  East  Indian 
Islands,  although  little  known  in  the  Occident,  several  analysts  have 
contributed  to  our  knowdedge  of  the  composition  of  the  seed  and  the 
values  of  the  oil. 

Wedemeyer  ^  found  13.64  per  cent  of  kernel  in  the  nut  of  C.  com¬ 
mune,  65.7  to  68.6  per  cent  of  extracted  oil  in  the  kernel,  and  34.7  per 
cent  of  protein  in  the  cake.  Pastrovich  ^  obtained  56.1  per  cent  of 
expressed  oil  in  the  kernel.  Grimme  ^  found  34.53  per  cent  of  oil  in  the 
(dried?)  fruit  flesh  of  C.  oleosum  (Lam.)  Engl,  and  68.63  per  cent  in  the 
kernel.  Krause  found  68.23  per  cent  of  ether  extract  in  the  kernel  of 
C.  polyphylhwi  and  61.01  per  cent  of  protein  in  the  extracted  residue. 
Bolton  and  Jesson  ^  include  the  ‘‘  pili  nut  (C.  luzonicum)  in  their  study 
of  less  common  oil  seeds  and  nuts.  Brill  and  Agcaoili  ®  analyzed  long 
and  short  pili  nuts  (C.  pachyphyllum)  containing  respectively  18.87  and 
18.29  per  cent  of  kernel.  Wagner  and  Lampart  ^  analyzed  kernels  of 
C.  polyphylliun  which  they  state  is  the  source  of  “  Java  almond  oil. 

The  results  of  Brill  and  Agcaoili  and  of  Wagner  and  Lampart 
are  shown  in  the  table  on  the  next  page. 

^  Seifens.  Ztg.  1907,  34,  20. 

2  Chem.  Z.  1907,  31,  782. 

3  Chem.  Rev.  Fett-IIarz  Ind.  1910,  17,  78. 

♦  Der  Tropenpflanzer,  1913  (7),  147. 

®  Analyst  1915,  40,  3. 

«  Phil.  J.  Sci.  1915,  10,  105. 

2  Z.  Unters.  Nahr.-Genussm.  1915,  29,  105. 
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Composition  of  Pili  Nut  Kernels 


Water 

Pro¬ 

tein 

Fat 

Su¬ 

crose 

Reduc¬ 

ing 

sugar 

N-f. 

ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

% 

B.  and  A.: 

C.  pachyphyllum: 

Long . 

2.79 

12.  OG 

74.39 

0.88 

0.45 

5.64 

2.15 

2.97 

Short . 

2.90 

11.88 

72.53 

0.66 

1.35 

7.12 

2.42 

3.15 

W.  and  L.: 

C.  polyphyllum . 

4.87 

13.94 

69.58 

7.26 

0.84 

3.51* 

*  P2O5  1-16  per  cent. 


Proteins— The  aleurone  grains  seen  under  the  microscope  indicate 
that  a  crystalline  protein  is  present  in  this  nut,  but  as  yet  no  studies 
appear  to  have  been  recorded. 


Values  of  Canarium  Oils 


Sp.  gr. 
15.5° 
C. 

Ref. 
index 
40°  C. 

Melt¬ 

ing 

point 

Sapon. 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Fatty 

acids, 

titer 

C.  commune: 

°C. 

°C. 

Wedemever. . 

0.8953 

1.4590 
1 . 4601 

193.5 

194.3 

64.7 

0.1 

Pastrovich .... 

28-18 

37.2 

C.  oleosum: 

65.6 

0.0 

41.0 

Grimme . .  . 

1.4592 

197.0 

63.0 

C.  polyphyllum: 

.... 

Krause .... 

1  /1001 

200.2 

189.7 

59.7 

52.9 

Wagner  and  Lampart 

C.  pachyphyllum: 

0.8978 

1  .  Wol 

1.4576 

30 

22 

4.4 

0.33* 

38.0 

Brill  and  Agcaoili: 

Lons:. . 

n  QnoQ 

1.4583 

1.4584 

192.6 

Short .  .  . 

u . yuuo 

n  QnoQ 

.... 

61.2 

3.3 

C.  luzonicum: 

v/  •  yuwo 

.... 

186.8 

59.6 

2.2 

Bolton  and  Jesson . 

.... 

1.4583 

29 

197.0 

57.1 

*  Polenske  number  0.4. 


"Tiou.  .p«d..Tow''“n«  “bh  “SIS”””/!’  *'''  “‘h 
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recalculated  to  uniform  temperatures  using  a  correction  for,  each  degree 
of  0.00064  for  specific  gravity  (Allen)  and  0.00036  (Tolrnan)  for  refractive 
index.  The  responsibility  for  the  scientific  nomenclature  of  the  species 
rests  with  the  authors,  who  fail  in  some  cases  to  give  authorities. 

Composition  of  Canarium  Oil. — Pastrovich  ^  found  95.36  per  cent  of 
insoluble  fatty  acids  (Hehner  number)  in  the  sample  he  examined  and 
by  Hazura’s  method  obtained  the  following  percentages  of  fatty  acids 


in  the  insoluble  fatty  acids. 

% 

Stearic  acid .  15.0 

Palmitic  acid .  29.5 

Oleic  acid .  43.0 

Linolic  acid .  12.5 


100.0 

Carbohydrates. — Brill  and  Agcaoili  ^  report  4.31  and  5.11  per  cent 
of  starch  by  difference  in  the  two  samples  analyzed  by  them;  these 
figures,  however,  do  not  represent  true  starch  (which  is  absent)  but 
undetermined  matter  and  error,  hence  they  are  not  included  in  the 

table  on  the  foregoing  page. 

Mineral  Constituents. — No  results  available. 

The  gaps  in  the  literature  on  the  composition  of  the  nuts,  as  well  as 
the  pericarp  tissues,  of  this  family  are  noteworthy.  Studies  of  the 
proteins  and  a  revision  of  the  work  on  the  composition  of  the  oils  are 
particularly  desirable. 


1  Loc.  cit. 


*Loc.  cit. 


NUTS  OF  THE  SPURGE  FAMILY 


I 


(  Euphorhiacex) 

One  representative  of  the  group,  namely  candlenut,  is  here  described 
because  of  its  use  as  a  cattle  food. 


CANDLENUT 


Aleurites  triloha  Forst.  =  A.  moluccana  Willd. 


Fr.  Bancoulier.  It.  Bankoul.  Ger.  Bankulnuss. 


The  candlenut  tree,  probably  a  native  of  Malasia,  is  grown  through¬ 
out  the  tropics  for  its  oily  nuts.  Although  the  oil  pressed  from  them, 
because  of  its  purgative  properties,  is  not  suited  for  food  and  the  close 
relationship  to  the  castor  bean  suggests  similar  toxic  properties,  the  nuts 
after  roasting  are  eaten  by  the  natives  and  the  cake  is  used  as  a  cattle 
food. 


MACROSCOPIC  STRUCTURE. — The  nut  resembles  an  English 
walnut  in  size,  shape,  and  method  of  separation  into  halves.  It  has  a 
shell  (spermoderm)  up  to  5  mm.  thick,  a  fleshy  endosperm,  and  an 
embryo  with  thin  but  broad  cordate  cotyledons  and  a  short  radicle. 

MICROSCOPIC  STRUCTURE. — The  structure,  resembling  closely 
that  of  the  castor  bean,  has  been  studied  by  Wichmann  ^  and  later 
authors. 

Spermoderm.  The  two  outer  layers.,  are  removed  before  the  seed 
IS  placed  on  the  market.  The  remaining  layers  are  (I)  thin-walled  pali¬ 
sade  cells,  (2)  thick-walled  palisade  cells,  (3)  parenchyma  cells,  with  diag¬ 
onal  pores,  containing  masses  of  calcium  oxalate,  and  (4)  compressed 
parenchyma. 


Moeller  ^  and  Winton  show  the  thick-walled  palisade  cells  as  form- 
ing  a  single  cell  layer  analogous  to  the  corresponding  layer  of  the  castor 
bean  and  state  that  they  are  1.5  to  2.5  mm.  high.  Collin  and  Perrot  ■» 
s  ow  the  cells  end  to  end  in  radial  rows  as  they  may  appear  to  be  if  a 
razor  section  is  cut  diagonal  to  the  axes  of  the  cells. 


^  Uhlworm : 
840. 


Bot.  Centralb.  1880,  1,  446. 


Harz:  Samenkunde.  Berlin,  1885,  p 


^  Mikroskopie  Nahr.-Genussm.  Berlin,  1905,  p,  327 

*  Microscopy  of  Vegetable  Foods.  New  York,  1906  p.  224 

*  Les  residus  industriels.  Paris,  1904,  p.  136. 
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Endosperm  and  Embryo. — Both  contain  aleurone  grains  up  to  25  fi, 
each  containing  a  crystalloid  and  one  or  more  globoids. 

Chief  Structural  Characters. — Nut  (seed)  size  and  shape 
of  English  walnut.  Spermoderrn  5  mm.  thick.  Endosperm  bulky. 
Embryo  with  broad,  thin  cotyledons. 

Inner  spermoderm  with  thin-  and  thick-walled  palisade  cells  and 
parenchyma  cells  containing  calcium  oxalate.  Endosperm  and  embryo 
with  aleurone  grains  (25  /x),  each  containing  crystalloid  and  one  or  more 
globoids. 

CHEMICAL  COMPOSITION. — A  representative  analysis  of  this 
nut  by  Carles  '  shows  as  follows: 


Water 

Protein 

Fat 

N-f.  ext. 

Sucrose 

Fiber 

Ash 

K2O 

P2O5 

% 

9.10 

% 

17.41 

% 

61.50 

% 

5.88 

% 

1.80 

% 

2.74 

% 

3.37 

% 

1.18 

% 

1.69 

Oil.  Physical  and  Chemical  Values. — Although  Fendler  ^  notes  the 
drying  properties  of  the  oil,  he  reports  a  low  iodine  number  (114.2); 
Lewkowitsch  ^  on  the  other  hand  reports  an  abnormally  high  iodine 
number  (163.7).  Other  results  by  these  authors,  also  those  by  an 
analyst  of  the  Imperial  Institute,^  Lespinasse,^  West  and  Montes,® 
and  Georgi  "  are  summarized  below: 


Sp.  gr. 

15'’ C. 

Refrac. 

index 

20^0. 

Solidi¬ 

fying 

point 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Fatty 

acids, 

titer 

°C. 

°C. 

Min.  0.9254 

1.4773 

-15 

175 

137 

1.2 

12.5 

Max.  0.9305 

1.4774 

-15 

214 

149 

2.0 

17.8 

Composition.— West  and  Montes®  give  the  following  figures  based  on 
their  results: 

Glycerides  of:  % 

Oleic  acid .  56.9 

Linolic  acid . 

Linolenic  acid . 

Solid  acid .  ^  ^ 

1  J.  Pharm.  Chem.  1879,  30,  163. 

2  Z.  Unters.  Nahr.-Genussm.  1903,  6,  1025. 

3  Chem.  Tech.  Anal.  Oils  etc.  London,  1914,  2,  87. 

*  Bui.  Imp.  Inst.  1907,  4,  136;  1912,  10,  44. 

®  Ann.  fals.  1919,  12,  152. 

®  Philippine  J.  Sci.  1921,  18,  619. 

7  Malay.  Agr.  J.  1922,  10,  202. 


NUTS  OF  THE  CASHEW  FAMILY 

{Anacardiacex) 

Various  tropical  fruits  described  in  Volume  II  belong  to  this 
family.  The  cashew  nut,  although  containing  about  10  per  cent  of 
starch,  and  the  pistachio  nut  are  rich  in  oil. 


CASHEW  NUT 

Anacardium  occidentalis  L.  _=  Cassurium  pomiferum  Lem. 

Fr.  Noix  d’acajou.  Sp.  Maranon.  Ger.  Akaschunuss. 

A  native  of  Brazil,  where  it  grows  luxuriantly  both  wild  and  culti¬ 
vated,  the  cashew  tree  is  cultivated  throughout  the  tropics  of  the  Old 
and  New  World.  The  pericarp  of  the  fruit  proper  contains  cardol  and 
anacardic  acid,  both  highly  irritating  constituents.  The  juice  produces 
blisters  on  the  skin  similar  to  those  of  poison  ivy  and  sumac.  The  nox¬ 
ious  constituents  are  destroyed  by  roasting,  and  the  embryo  separated 
after  this  treatment  is  sweet  and  wholesome — the  cashew  nut  of  com¬ 
merce.  The  edible  fleshy  peduncle  (cashew  apple),  at  the  top  of  which 
the  nut  is  borne,  is  described  in  Volume  II  under  Fruits. 

Hoepner  and  Burmeister  i  note  that  cashew  nut  flour  is  sometimes 
added  to  almond  paste. 

MACROSCOPIC  STRUCTURE— Panicles  of  both  staminate  and 
perfect  flowers  are  produced  by  the  same  tree.  The  calyx  is  five-cleft  • 
the  corolla  consists  of  five  narrow,  salmon-colored  petals.  There  are 

rtre  side.'  =^«-«hed 

The  fnnt  proper  (Fig.  226,  below)  resembles  a  giant  bean  kernel 
reaching  4  cm.  in  length.  It  consists  of  colorless  or  Jellow  epTcarn  and’ 
endocarp  between  which  is  the  black  mesocarp  with  resircavitfe^ 
P^picarp  and  endocarp  are  merged  at  the  sinus  Jth  a  rounded  mass  of 

^  Z.  Offent.  Chem.  1913,  19,  185. 
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MICROSCOPIC  STRUCTURE. — Young  '  has  studied  the  histology 
of  all  parts  but  the  fleshy  peduncle. 

Pericarp. — Although  it  is  not  edible,  its  structure  is  instructive.  The 
layers  as  seen  in  cross  section  are  (1)  epicarp  of  palisade  cells,  up  to  GO  n 
high  and  35  broad,  wavy-walled  in  surface  view,  and  stomata,  (2) 
hypoderm,  ten  or  more  cells  thick,  of  regularly  arranged,  rather  small, 
colorless  cells  with  thick,  often  beaded  walls,  (3)  mesocarp  of  cells  vari¬ 
ously  elongated,  with  black  contents,  also  large  essential  oil  cavities 
often  up  to  500  n,  and  flbro- vascular  bundles,  (4)  narrow  palisade  cells 


Fig.  220.  Fig.  227. 

Fig  226.— Cashew.  I  Cotyledons  (above)  and  radicle  (below),  separated  after 
roasting.  ll  Nut  surmounting  edible  iieduncle.  Ill  Nut  in  cross  section.  Epicarp 
and  endocarp  confluent  with  rounded  hard  mass  x  at  sinus.  Mesocarp  (dark)  with 

oil  cavities.  XH-  (A.L.W.) 

Fig.  227.— Cashew.  Cotyledon  in  cross  section.  .  ep  epiderm;  am  starch 
parenchyma;  o/ oil  cavity  surrounded  by  palisade  cells.  X160.  (A.L.W.) 


up  to  30  M  high,  and  (5)  endocarp  of  palisade  cells  up  to  250  g  high  and 

still  higher  on  the  dorsal  edge.  ,  ,  .  „  . 

The  palisade  cells  of  the  epicarp  diminish  in  height  about  the  stoata, 

those  adjoining  the  guard  cells  being  of  about  the  same  ^e-sht  Young 

refers  to  stone  cells  adjoining  the  palisade  'c'*®  f 

cells  here  form  a  rather  uniform  single  layer  with  thick  walls  but  they 

stain  blue  with  chlorzinc  iodine  and  are  not  stone  cells. 

In  Lfacc  view  the  endocarp  cells  are  elongated,  the  longer  diameter 

reaching  45  g  ^  ^  ^  ^  Chem.  1912, 160,  32. 
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Spermoderm. — Cross  sections,  after  warming  with  chloral  hydrate, 
show:  (1)  compressed  cells  forming  a  light-colored  layer,  a  number  of 
cells  thick,  (2)  well-defined  brown  cells  passing  into  (3)  light  colored  com¬ 
pressed  cells. 

The  raphe  bundles  occur  between  the  first  and  second  layers. 

Endosperm. — An  indistinct  single  layer,  of  round  cells,  containing 
aleurone  grains,  is  probably  endosperm.  The  aleurone  grains  are  best 
seen  in  surface  mounts  treated  with  water  and  iodine  in  potassium 
iodide. 

Embryo.  Cotyledon  (Fig.  227). — The  epidermal  cedis  (ep)  are  small 
and  starch-free.  A  subepidermal  tissue,  several  cells  thick,  is  also  starch- 
free  but  passes  into  starch  parenchyma  {am)  without  noticeable  change 
of  cell  form. 

The  starch  grains  (Fig.  227,  am]  Fig.  228)  are  elliptical,  kidney-  or 
wedge-shaped,  up  to  12  p  long,  with  an 
elongated  cleft  (“  hilum  ’’).  They  resemble 
mango  starch  but  are  smaller. 

Distributed  through  the  starch  parenchyma 
are  procambium  bundles  and  small  essential  oil 
cavities  (Fig.  227,  oZ),  immediately  surrounded  by 
an  irregular  row  of  palisade  cells,  and  outside  of 
these  a  mass  of  small  isodiametric  starch-free 
cells.  These  cavities  resemble  those  of  umbel¬ 
liferous  roots  (parsnip,  carrot,  celeriac),  and  pet¬ 
ioles  (celery,  parsley)  but  not  at  all  the  cavities 
in  the  peduncle  and  pericarp  of  myrtaceous  fruits. 

Chief  Structural  Characters. — Cotyledon:  epiderm  starch- 
free;  starch-free  subepiderm  passes  into  starch  parenchyma;  starch 
grains  up  to  12  p,  elongated  kidney-  or  wedge-shaped,  with  cleft* 
essential  oil  cavities  surrounded  by  mass  of  small  cells  and  immediatelv 
by  row  of  palisade  cells. 

CHEMIC^  COMPOSITION.  Husk.-The  pericarp  or  husk 

according  to  Joseph  and  Sudborough,'  contains  39.8  per  cent  of  an  oil 

cons^ting  of  anacardic  acid,  cardol,  and  fatty  matter.  Anacardic  acid 

(C22II32O3)  IS  a  brown  crystalline  substance.  Its  ammonium  salt  is  a 

vennifuge.  Cardol  (C32H320r)  is  a  dark  brown  oily  substance  used  in 

medicine  as  a  vesicatory.  The  analytical  values  of  the  husroil  given 

by  the  authors  named  above,  are:  specific  gravity  at  26°  C  10131 

refractive  index  at  41.5°  C.  1.5158,  saponification  number  119  iSl 
number  296,  and  acid  number  107.  ’  odine 


Fig.  228. — Starch  from  ca¬ 
shew  nut.  X160.  (A.L.W.) 


Ind.  Inst.  Sci.  1923,  6,  133. 
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Kernel.— About  30  per  cent  of  the  nut  consists  of  kernel,  analyses  of 
which  by  Theopold  ^  and  Thompson  ^  follow : 


Composition  of  Cashew  Kernels 


Water 

Protein 

Fat 

Reducing 

sub¬ 

stances 

Starch 

Fiber 

Ash 

Theopold . 

Thompson . 

% 

3.80 

6.78 

% 

9.70 

14.44 

% 

47.15 

41.57 

% 

8.10 

% 

8.90 

% 

1.27 

% 

2.59 

Oil  — Georgi  ^  states  that  the  nut  contains  40  to  45  per  cent  of  oil 
but  it  is  extracted  with  difficulty  owing  to  the  husk.  The  cake  contains 
23.4  per  cent  of  protein.  The  yield  of  oil  according  to  Patel,  Sudbor- 

ough,  and  Watson  ^  is  42.12  per  cent. 

West  and  Cruz  ^  state  that  the  kernels  contain  47.2  per  cent  of  oil. 
Physical  and  Chemical  Values— The  physical  values  in  the  table 
which  follows  have  been  recalculated  in  some  instances  to  uniform  tem¬ 
peratures: 


Values  of  Cashew  Kernel  Oil 


Sp.  gr. 
15.5‘’C. 

Refractive 
index 
25®  C. 

Saponih- 

cation 

No. 

Iodine 

No. 

Acid 

No. 

Unsaponi- 

fiable 

matter 

Theopold : 

1.4646 

182 

77 

% 

1.4651 

187 

83.6 

1.4672 

195 

84 

5.3 

0.6 

1.47 

r^pnro’i  . 

0.919 

1.4752 

187.3 

78.4 

5.5* * 

1.45 

W  and  C . 

0.9176 

1.4683 

187 

85.2 

- 

*  Percentage  calculated  as  oleic  acid. 


Georgi  ^  found  that  the  melting  point  of  the  fatty  acids  is  28  C.  and 

the  mean  molecular  weight  is  284.6. 

According  to  West  and  Cruz'^  the  percentages  of  constitutents 


1  Pharm.  Centralh.  1908,  49,  1057. 

*  Hawaii  Agr.  Exp.  Sta.  Rep.  1914,  p.  62. 
3  Malay.  Agr.  J.  1922,  10,  301. 

J.  Ind.  Inst.  Sci.  1923,  6,  VI,  111. 

3  Phil.  J.  Sci.  1923,  23,  337. 
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oil  are:  olein  80.4,  stearin  17.3,  and  unsaponifiable  matter  1.5;  total 
99.2  per  cent. 

Patel,  Sudborough,  and  Watson  ^  found  that  18.2  per  cent  of  the 
fatty  acids  are  saturated  and  81.8  per  cent  unsaturated. 


Composition  of  Cashew  Kernel  Oil  (Patel  et  al.) 


Glycerides  of :  % 

Lignoceric  acid .  0.50 

Stearic  acid .  11.24 

Palmitic  acid .  6.40 

Oleic  acid .  73.77 

Linolic  acid .  7.67 

Unsaponifiable  matter .  0.42 


100.00 


PISTACHIO  NUT 


Pistacia  vera  L. 

Fr.  Pistache.  Sp.  Pistacho.  It.  Pistacchio.  Ger.  Pistazie. 

The  pistachio  tree  is  a  Syrian  species  grown  in  the  Mediterranean 
region  since  about  the  Christian  era  and  to  some  extent  in  California 
since  the  latter  half  of  the  nineteenth  century. 

Syria,  Sicily,  and  Persia  lead  in  its  cultiva¬ 
tion. 

Pistachio  nuts,  or  green  almonds,  are  sold 
either  unshelled  and  salted  or  else  shelled.  The 
brine  in  which  the  unshelled  nut  is  soaked  forms 
a  film  on  the  surface  of  the  shell  and  on  the 
kernel  within.  Shelled  nuts  are  eaten  as  such  or 
are  used  in  pastries  and  confectionery  where  they 
are  recognized  by  the  green  color  of  the  cotyledons 
and  the  purple  skin. 

MACROSCOPIC  STRUCTURE.-The  female  flcwers  have  three  to 
four  calyx  divisions  and  as  many  styles,  but  the  ovary  is  one-celled  and 
a  corolla  is  wanting  The  fruit  is  a  dry  drupe  with  a  thin  mesocarp  and 

^  Loc.  cit. 


n  ^  nr'* 

Fig.  229. — P  i  s  t  a  c  h  i  o 
Nut.  I  whole  nut  (salted). 
II  shelled  nut.  Ill  nut, 
deprived  of  spermoderm 
showing  fleshy  cotyledons 
and  R  radicle.  X 1 
(A.L.W.) 
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near  the  base.  The  spermoderm  is  blue-red  on  the  dorsal  side,  colorless 
on  the  ventral  side,  but  appears  green  on  account  of  the  cotyledons 
seen  beneath.  Both  dorsal  and  ventral  sides  have  a  ridge  which  is  espe¬ 
cially  marked  at  the  apex.  In  the  dorsal  ridge  is  the  raphe.  After 
softening  in  water  a  skin  consisting  of  spermoderm  and  colorless  peri- 
sperm  and  endosperm  separates.  The  fleshy  green  cotyledons  (III) 

make  up  the  bulk  of  the  seed.  The  minute 
radicle  (R)  is  situated  in  the  ventral  edge 
near  the  apex. 

MICROSCOPIC  STRUCTURE.— 
Winton^  and  Young  ^  describe  the  structure 
in  detail. 

Pericarp. — The  endocarp  (Fig.  231,  st)  is 
made  up  of  much-branched  and  interlock¬ 
ing  colorless  stone  cells.  In  razor  sections 
and  the  powder  their  nature  is  obscure 


Fig.  230. 


Fig.  231. 


Fig.  230. — Pistachio  Nut.  Seed  in  cross  section,  dorsal  side.  S  spermoderm: 
aep  outer  epiderm,  sub  subepiderm,  sc  sclerenchyma,  fv  bundle,  iep  inner  epiderm. 
N  perisperm.  E  endosperm  with  al  aleurone  cells.  C  cotyledon  containing  aleurone 

grains.  X160.  (A.L.W.) 

Fig.  231. — Pistachio  Nut.  Elements  in  surface  view,  st  stone  cells  of  endocarp; 
V  vessels  of  bundle;  C  outer  epiderm  of  Cotyledon.  Other  reference  letters  as  in 

Fig.  230.  XI 00.  (A.L.W.) 


but  is  beautifully  distinct  after  maceration  with  strong  sodium 

''^'spermoderm  (Fig.  2.30,  S;  Fig.  231).-This  is  thickest  on  the  dorsal 
side  It  consists  of  (1)  outer  epiderm  (aep)  of  polygonal  isodiametric 
or  moderately  elongated  cells,  up  to  80  m  long,  with  beaded  walls,  2 
subepiderm  (sub),  one  or  more  cells  thick,  of  spongy  ^ 

middle  parenchyma  with  sclerenchyma  cells  (sc)  and  fibro-yasc 


1  Microscopy  of  Vegetable  Foods.  New  York,  1st  Ed.  1906,  p.  315. 

2  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160. 
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bundles  (fv)  of  the  raphe  and  its  branches,  and  (4)  inner  epiderm  {iep) 
of  very  small,  polygonal,  distinctly  beaded,  relatively  thick-walled  cells 
except  on  the  dorsal  side  where  they  are  thin-walled  and  characterless. 

The  blue-red  color  present  in  the  cells  on  the  dorsal  side  is  soluble  in 
water.  With  alkalies  it  becomes  green. 

Perisperm  (Fig.  230,  N). — This  is  evident  in  cross  section  on  the 
dorsal  side  as  a  compressed  layer. 

Endosperm  (Figs.  230  and  231,  E). — One  or  more  rows  of  aleurone 
cells  and  an  inner  compressed  tissue  are  evident  in  cross  section.  The 
aleurone  grains  range  up  to  5  yu  but  are  mostly  scarcely  measurable. 

Embryo. — In  the  epiderm  of  the  cotyledons  the  aleurone  grains  are 
minute  but  increase  in  size  toward  the  interior  where  they  reach  a  maxi¬ 
mum  of  14  yu.  Sometimes  small  starch  grains  occur  in  the  outer 
portion. 

Chief  Structural  Characters. — Endocarp  (shell)  buff,  striate; 
spermoderm  blue-red  (green  with  alkali)  on  dorsal  side;  endosperm 
and  perisperm  thin,  colorless;  cotyledons  bulky,  green;  radicle  minute. 

Endocarp  cells  much-branched,  interlocking.  Spermoderm  with 
beaded  outer  epiderm,  sclerenchyma  cells  in  middle  parenchyma,  and 
small,  beaded  cells  forming  inner  epiderm.  Endosperm  and  cotyledon 
containing  small  aleurone  grains,  in  latter  up  to  14  fx. 

CHEMICAL  COMPOSITION. — Analyses  of  2  samples  of  the 
shelled  pistachio  nuts  by  Woods  and  Merrill  i  follow: 


Water 

Protein 

Fat 

Total 

carbo¬ 

hydrates 

Ash 

First  quality . 

% 

4  2 

% 

22.3 

22.8 

% 

54.0 

54.9 

% 

% 

Second  quality.  . .  . 

4  .3 

16.3 

3.2 

14.9 

3.0  - 

given  by  an  anonymous 
tent  closely  with  the  above  except  that  the  water  con- 

iou»d  uXffciTpS  "r  ““  “  “I* 

Physical  and  Chemical  Vnlup^ _ tLo  i 

'  Marne  Agr.  Exp.  Sta.  1899,  Bui.  64 
Bui.  Imp.  Inst.  1917,  16,  267. 

Ann.  Lab.  Chim.  Gabelle,  1893,  p.  220. 
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1.4672,  Mailmen^  number  44  to  45,  saponification  number  191  to  192, 
iodine  number  86  to  88,  and  fatty  acids,  titer  13  to  14°  C. 

AlerrilV  in  oil  obtained  by  ether  extraction,  found:  specific  gravity 
at  15.5°  C.  0.9188,  refractive  index  at  25°  C.  1.4669,  and  iodine  number 
83.8. 

Composition. — Beythien  -  obtained  in  the  examination  of  2  samples 
of  pistachio  oil  closely  agreeing  results,  the  averages  of  which  are  here 
given,  together  with  results  by  Dhingra  and  Hilditch^  showing  the 
composition  of  the  fatty  acids; 


C0.MPOSITION  OF  Pistachio  Oil 


Beythien 

Dhingra  and 
Hilditch 

% 

% 

Stearic  acid . 

1.6 

Palmitic  acid . 

16.90 

8.2 

Myristic  acid . 

0.6 

Oleic  acid . 

54.41 

69.0 

a-Linolic  acid . 

6.92  'I 

19.8 

/3-Linolic  acid. . . 

11.50  J 

Oxidized  acid . 

about6 . 00 

Glycerol  residue . 

4.30 

Unsaponifiable  matter. .  . . 

0.23 

0.8 

100.26 

160.0 

*  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 
2  Pharm.  Zentralh.  1929,  70,  551. 


’  J.  Soc.  Chem.  Ind.  1931,  60,  9. 
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{Malvacex) 

Okra,  the  vegetable  (Volume  II),  and  two  species  of  cotton  are  the 
important  food  plants  of  the  family. 


COTTONSEED 

Gossypium  herbaceum  L. 

Fr.  Cotonnier.  Sp.  Algodon.  It.  Cotone.  Ger.  Baumwollsamen. 

Common  or  upland  cotton,  an  Indian  plant,  although  known  to  the 
Greeks  before  the  Christian  era,  was  cultivated  little,  if  at  all,  in  the 
Mediterranean  region  until  the  Mohammedan  invasion.  Cotton  was 
used  as  a  textile  in  the  Western  Hemisphere  at  the  time  of  its  discovery 
but  it  is  probable  that  it  was  obtained  from  G.  barbadense  or  some 
species  other  than  G.  herbaceum.  The  introduction  of  upland  cotton 
into  the  United  States  appears  to  have  been  shortly  before  the  Revolution. 

Sea  island  cotton  {G.  barbadense)  is  considered  in  the  following 
chapter.  Tree  cotton  {G.  arboreum  L.),  an  African  plant,  is  of  small 
importance. 

Authorities  differ  widely  as  to  the  taxonomy  of  the  genus.  Todaro  ^ 
considers  that  there  are  fifty-four  species,  Parlatore  ^  seven  with  two 
doubtful.  Masters,^  agreeing  on  the  whole  with  Parlatore,  combines 
some  of  his  species  and  De  Candolle  emphasizes  only  three  as  here  given. 

The  utilization  in  the  United  States  of  cottonseed,  which  unlike 
linseed  is  a  true  by-product  of  the  fiber  crop,  dates  from  shortly  after  the 
middle  of  the  nineteenth  century,  and  up  to  near  the  end  of  that  century 
only  the  extracted  “  meats  ’’  or  decorticated  kernels  were  used  for  feed¬ 
ing,  the  hulls  being  burned  on  the  plantation. 

STRUCTURE.— The  attractive  pale  yellow  flower 
resembles  that  of  the  single  hollyhock,  its  near  relative,  in  form  and 
size  It  has  an  involucre  of  three  calyx-like  bracts,  five  sepals,  and  five 
petals  _  The  large  pod  or  boll  has  up  to  five  cells  containing  a  number 
of  seeds  each  with  both  long  and  short  hairs  on  the  spermoderm.  After 

Genere'Z'ium" Umtrd  ““  ^-“^raphia  del 

^  Le  Specie  dei  Cotoni.  Florence,  1866 

=  Oliver:  FI.  Trop.  Afr.,  p.  210.  Hooker:  FI.  Brit.  Ind.,  p  346 
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ginning,  numerous  short  hairs  remain  on  the  seed,  thus  differing  from 
sea  island  cottonseed,  which  is  practically  naked. 

The  anatropous  seed  (Figs.  232  and  233)  after  removal  of  the  fiber  is 
pointed  ovoid,  dark  brown  or  nearly  black,  and  varies  up  to  over  12  mm. 
in  length.  Both  hilum  and  micropyle  are  located  at  the  pointed  lower 
end,  the  chalaza  at  the  upper  end  toward  one  side.  The  raphe  forms  a 
slight  ridge.  The  sperrnoderm  is  about  0.3  mm.  thick.  On  the  inner 
surface  it  is  brown  with  a  white  opalescence.  ( )n  removal  of  the  spermo- 
derm  a  thin  skin,  consisting  of  perisperrn  and  endosperm,  is  seen  to 


Fig.  232. 


Fig.  233. 


Fig.  232.— Cottonseed.  Cross  section.  sperrnoderm;  NE  perisperrn  and 
endosperm;  C  cotyledons;  R  radicle.  X4.  (A.L.W.) 

Fig.  233.— Cottonseed.  Ix)ngitudinal  section.  X4.  (A.L.W.) 


form  an  inner  membrane  immediately  surrounding  the  embryo  which 
constitutes  the  bulk  of  the  seed. 

Cross  and  longitudinal  sections  show  that  the  radicle  is  long,  and  the 
cotyledons  are  both  rolled  about  it  and  curiously  folded  above  it;  fur¬ 
thermore,  that  the  white  flesh  of  the  cotyledons  is  dotted  with  numerous 
dark  spots,  the  resin  cavities.  On  soaking  for  a  day  or  two  in  water  the 

kidney-shaped  cotyledons  may  be  unfolded. 

MICROSCOPIC  STRUCTURE.— The  histology  is  briefly  described 

in  the  treatises,  notably  those  of  Harz  ^  and  Bohmer,^  and  in  detail  in 
papers  by  Von  Bretfeld,^  T.  F.  Hanausek,-*  and  Winton.^ 


^  Samenkunde.  Berlin,  1885,  p.  740. 

2  Dammer:  Lexikon  der  Verfalschungen,  1887,  II,  p.  081 


Kraftfuttermittel. 


Berlin,  1903,  p.  558. 

2,1.  Landw.  1887,  36,  29. 

*  Z.  allg.  oesterr.  apoth.-Ver.  1888,  26,  509,  591.  ^ 

5  Analyst  1904.  29.  44.  Connecticut  Agr.  Exp.  Sta 


Rep.  1903,  p.  175. 
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Spermoderm  (Fig.  234,  .S';  Fi^.  235) —Through  the  raphe  the 
thickness  reaches  400  in  other  parts  it  is  somewhat  less  (maximum 
350  ^x).  There  are  four  well-differentiated  outer  layers  and  a  fifth 
inner  layer  which  shows  considerable  variation  from  without  inward: 


^  nTl  outer  epiderm  with 

brown  layers.  n  “'orless  cells  pai  palisade  cells,  a,  6,  c  inner 

epiderms  A;  crvstak  i  ’ .  ^  C' cotyledon:  aep  outer  and  fep  inner 

rounded  by  r  mucilage  ce!r‘“xl6l)“7A.L.wT“''*““ 


s.:rirr;,s;  v  “r:**’ 

walled  cells  with  brown  contents  tl’i  r  /  ;  i^r)  of  thin- 
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ipdl,  paP,  pcil“)  about  150  n  high  with  a  faint  outer  light  line  adjoining 
the  outer  ends,  and  (5)  composite  inner  brown  layer  (a,  b,  c)  varying  from 
polygonal  cells,  with  brown  contents  without,  to  empty  spongy  par¬ 
enchyma  within. 

The  cells  of  the  outer  epiderm  are  conspicuous  because  of  their  thick, 
stratified  yellow  walls  and  dark  contents.  About  the  hairs  they  form 
rosettes.  The  hairs  have  the  well-known  characters  of  cotton  fiber, 
being  flattened  and  twisted  and  usually  having  walls  much  thinner 
than  the  lumen. 


Fig.  235. — Cottonseed.  Elements  in  surface  view.  Spermoderm :  ep  outer 
epiderm  with  hair' and  .s/o»  stomata,  hr  subepiderrn,  w  colorless  cells,  paP  and 
paP  palisjide  cells  at  different  foci,  a  and  c  inner  brown  layers.  N  i)erisperm. 
E  endosi)erm.  aep  outer  epiderm  of  cotyledon  with  IP  multicellular  hair  and  sto 

immature  stomata.  Xl60.  (A.L.W .) 


Chief  interest  centers  in  the  palisade  cells  which  are  similar  only  to 
the  corresponding  layer  of  kapok  seed  and  are  distinguished  from  these 
1)V  being  one-third  higher.  Von  Rretfeld  has  shown  that  in  the  outer 
third  the  cells  have  colorless  cellulose  walls  (blue  with  chlorzinc  iodine), 
giving  a  play  of  colors  with  polarized  light  and  a  narrow  lumen  ending 
in  a  bulbous  enlargement,  while  in  the  inner  two-thirds  they  have  yellow, 
lignified  walls  (yellow  with  chlorzinc  iodine),  giving  no  play  of  co  ors 
with  polarized  light,  and  no  lumen  visible  in  cross  section  of  the  seed, 
although  in  tangential  section  faint  radiating  lines  ''‘J  ® 
isolated  with  Schultze’s  macerating  solution  and  treated  with 
acid  show  their  structure. 
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Perisperm  (Figs.  234  and  235,  A^). — In  the  thin  skin  which  separates 
the  spermoderm  from  the  embryo  the  perisperm  is  distinguished  from 
the  endosperm  by  the  curious  fringe  on  the  walls,  hence  Hanausek’s 
name  “  fringe  cells.” 

Endosperm  (Figs.  234  and  235,  E). — Only  a  single  layer  of  aleurone 
cells  is  present.  The  aleurone  grains  are  minute. 

Embryo  (Figs.  234  and  235). — In  scrapings  of  the  cotyledons  (C)  the 
epidermal  layers  may  be  studied.  The  outer  epiderm  (aep)  consists  of 
(1)  polygonal  cells,  (2)  pairs  of  cells  (sto^)  which  later  become  guard 
cells  of  stomata,  and  (3)  oval  jointed  hairs  (h^),  most  abundant  where 
the  cotyledons  join  the  hypocotyl. 

Cross  sections,  extracted  with  ether  or  gasoline,  bring  out  other 
details  of  structure.  Except  for  a  single  layer  of  palisade  cells  adjoining 
the  inner  epiderm,  the  mesophyl  ground  tissue  consists  of  nearly  isodia- 
metric  cells  most  of  which  contain  aleurone  grains  (al)  with  an  occa¬ 
sional  cell  containing  a  crystal  cluster  of  calcium  oxalate  (k).  Procam¬ 
bium  bundles  {g)  occur  in  the  central  portion  of  the  mesophyl,  also  the 
large  lysiginous  resin  cavities  (s)  containing  dark  secretion  about  which 
are  two  or  more  layers  of  elongated  thin-walled  cells  named  by  Han- 
ausek  “  mucilage  cells.” 

The  contents  of  the  resin  cavities  deserve  special  notice,  as  these  are 

the  subject  of  extensive  chemical  investigations.  Hanausek  ^  notes 

that  in  water  mounts  the  secretion  is  partly  in  the  form  of  a  solution  in 

which  are  minute  dark  bodies  which,  as  the  liquid  emulsifies,  flow  out  of 

the  cavity,  showing  lively  Brownian  movements,  and  that  concentrated 

sulphuric  acid  dissolves  the  secretion  to  a  beautiful  red  solution  while 

alkalis^  impart  a  green-brown  color  without  dissolving  it.  March- 

lewski-  identified  the  substance  that  gives  this  reaction  as  gossypol 

and  Withers  and  Carruth3  find  that  this  substance  renders  cottonseed 
toxic. 

1  he  radicle  has  a  well-marked  periblem  and  plerome  cylinder. 

HiEF  Structural  Characters.— Seed  (12  mm.),  pointed-ovoid 

L'  p'  shell-hke.  Perisperm  and  endosperm  forming  thin 

skin.  Embryo  bulky,  cotyledons  folded.  * 

Spermoderm  of  fhick-walled  outer  epidermal  cells  containing  dark 
substance  interspersed  with  hairs  and  stomata,  subepiderm  of  thin 
walled  brown  cells,  colorless  cells,  remarkable  palisade  cells  fl50  1 
and  inner  brown  layer.  Perisperm  of  fringe  cells  Endosne  ^  ’ 

^  Loc.  cit.  ,  T  A  ^ 

’  j.  prakt.  Chem.  1899,  60,  84. 
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containing  oil  and  aleurone  grains  and  resin  cavities  containing  a  sub¬ 
stance  dissolving  to  a  red  solution  in  concentrated  sulphuric  acid. 

CHEMICAL  COMPOSITION. — Cottonseed  yields  food,  feed,  and 
fertilizer,  the  value  of  each  being  determined  by  analysis. 

Relation  of  Ripeness  to  Composition. — Gallup,'  whose  analyses  of 
cottonseed  at  different  stages  of  development  appear  in  the  table  below, 
found  that  just  before  the  boll  opened  the  fat  content  nearly  doubled,  the 
goss37)ol  content  increased  nearly  tenfold,  and  the  ash  content  showed 
a  corresponding  decrease,  but  thereafter  the  constituents  showed  little 
change  in  amount. 


Composition  of  Cottonseed  at  Different  Stages  of  Development  (Gallup) 

(Results  in  percentages  of  dry  matter) 


Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Gossypol 

• 

% 

% 

% 

% 

% 

% 

Boll  about  to  open . 

28.46 

13.97 

32.81 

18.56 

6.20 

0  048 

Boll  just  open . 

31.11 

24.01 

26.49 

14.46 

3.93 

0.428 

Boll  of)en  2  to  3  days.  .  .  . 

28.46 

24.82 

28.43 

15.13 

3.16 

0.461 

Boll  open  5  to  6  days.  .  .  . 

"29.86 

23.73 

27.93 

15.33 

3.15 

0  538 

Boll  open  over  6  days .... 

28.37 

24.41 

28.69 

15.20 

3.33 

0.546 

Seeds  mature . 

30.29 

25.76 

36.34 

14.37 

3.24 

0.551 

Seeds  from  gin . 

29.01 

23.41 

28.46 

15.78 

3.34 

0.452 

Composition  of  Parts  (Kernels,  Hulls,  Linters,  and  Cake). — Com¬ 
pared  with  the  numerous  official  analyses  of  cottonseed  meal  there  are 
few  analyses  of  the  whole  seed  or  of  the  kernel  (decorticated  seed)  and 
hulls.  Such  analyses  are  of  secondary  practical  importance  as  the 
wLole  seed  is  pressed  locally,  the  hulls  are  run  in  with  the  ground  cake, 
and  only  standardized  feeds  and  oil  enter  into  commerce. 

Mechanical  Separation  of  Parfs.—M  cBryde  ^  reports  a  series  of 
analyses  of  parts  of  the  cotton  plant  made  by  him  at  the  South  Carolina 
Experiment  Station.  He  points  out  that  the  percentages  of  meal,  oil, 
hulls,  and  linters  obtained  after  hand  shelling  and  pressing  are  somewhat 
different  from  those  of  mill  practice,  as  is  illustrated  by  the  figures  on 
the  following  page  compiled  by  him  from  various  sources. 

Wesson  ^  states  that  in  the  early  days  of  the  industry  the  kernels 
and  hulls  were  considered  in  practice  each  to  form  half  of  the  seed,  but  by 

M.  Agr.  Res.  1927,  34,  987. 

2  Tennessee  Agr.  Exp.  Sta.  1891,  Bui.  4,  No.  5. 

3Chem.  Met.  Eng.  1919,  21,  No.  13;  22,  No.  10. 
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Machine 

separated 

Hand 

separated 

Meal . 

% 

35.5 

% 

30.0 

Oil . 

12.5 

20.0 

Hulls . 

48.9 

40.0 

Linters . 

1.1 

10.0 

98.0 

100.0 

modern  methods  the  yield  of  hulls  is  diminished  and  that  of  both  meal 
and  oil  increased.  The  amount  of  hulls  run  in  with  the  meal  more 
than  compensates  for  the  greater  amount  of  oil  expressed  by  improved 
machinery.  These  points  are  clearly  brought  out  by  the  following 
results  representing  actual  factory  experience  during  two  successive 
years  and  also  the  products  of  Georgia  and  Texas  seed : 


Cake.  . 
Oil .  .  . 
Hulls.  , 
Linters 
Loss . . , 


Mill  ( 

1919 

-  * 

Output 

1920 

Georgia 

cottonseed 

Texas 

cottonseed 

% 

% 

% 

% 

48.4 

49.0 

50.5 

51.0 

14.8 

16.5 

16.9 

12.3 

25.2 

24.5 

18.8 

24.7 

5.1 

5.0 

7.7 

7.2 

6.5 

5.0 

6.1 

4.8 

100.0 

100.0 

100.0 

100.0 

Harrington,'  in  the  examination  of  the  seeds  of  73  varieties  and 
strains  of  cottonseed  belonging  to  7  main  groups,  .found  a  range  of  from 

43,30  to  50.43  per  cent  of  kernels  (meats)  and  of  from  43.67  to  56  70 
per  cent  of  hulls. 

Analyses  of  Harts.— In  analyses  reported  by  Wesson  2  the  meats 
kernel,)  constituted  55  per  cent  of  Georgia  cottonseed  and  contained 

onstituted  53  per  cent  of  Texas  cottonseed  and  contained  43.50  per 
cent  of  protein  and  31,20  per  cent  of  fat.  These  figures  may  be  com- 

Texas  Agr.  Exp.  Sta.  1928,  Bui.  374. 

*  Loc.  cit. 
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pared  with  those  for  the  parts  of  Georgia  and  Texas  seed  given  above, 
since  they  represent  the  same  lots  of  seeds. 

IMcBryde  ^  has  compiled  in  the  table  below  the  results  on  the  proxi¬ 
mate  constituents  in  the  water-free  materials.  Those  for  the  hand  sepa¬ 
rations  are  from  the  Report  of  the  North  Carolina  Agricultural  Experi¬ 
ment  Station  for  1882.  The  figures  for  the  seed,  the  hand  separations, 
and  the  machine  separations,  being  from  different  sources,  are  not 
strictly  comparable  with  each  other. 


Composition  of  Cottonseed  and  Its  Parts  (McBryde) 


(Results  in  percentages  of  dry  matter) 


> 

Seed 

Hand  Separated 

Machine  Separated 

Kernels 

HuUs 

Meal 

Hulls 

% 

% 

% 

% 

% 

Protein . 

20.61 

31.21 

2.41 

51.12 

5.19 

t . 

23.26 

39.00 

0.64 

10.01 

2.35 

N-f  ext . 

28.47 

20.82 

42.57 

26.37 

45.31 

Fiber  . 

24.13 

4.67 

51.87 

4.90 

43.85 

/V  sh  . 

3.53 

4.30 

2.51 

7.60 

3.30 

100.00 

100.00 

100.00 

100.00 

100.00 

Harrington  “  found  the  following  range  in  composition  of  the  kernels 
(meats)  and  the  hulls  of  73  varieties  and  strains: 


Composition  of  Cottonseed  Kernels  and  Hulls  (Harrington) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Kernels: 

TVT  in  . 

5.22 

50.00 

23.95 

0.18 

1.75 

4.51 

5.11 

\lfl  Y . 

7.02 

55.68 

35.90 

10.90 

2. 15 

Hulls: 

\T  in  . 

8.18 

1.62 

0.12 

34.82 

41.23 

47.93 

2.41 

o 

n  Y  . 

9.97 

5.18 

1.05 

42.13 

2.  io 

The  wide  gap  between  the  maximum  and  minimum  results  given 

J  JiVt™  In  Ih.  du.  pnrt,  .1  <«  * 


1  Loc.  cit. 

2  Loc.  cit. 
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use  of  the  conventional  factor  6.25  in  the  calculation  of  the  protein, 
illustrates  the  imperfection  of  our  methods  of  analysis.  Were  it  prac¬ 
ticable  to  use  the  correct  factor  (whatever  it  may  be),  the  range  would 
be  narrowed  and  be  in  conformity  to  the  true  percentages.  Until  the 
proper  factor  is  decided  on  and  even  then,  if  uniformity  seems  more 
desirable  than  accuracy  in  specific  cases,  such  inconsistencies  are  inev¬ 
itable. 

The  average  composition  of  the  whole  seed  by  typical  varieties 
appears  in  the  table  below  as  given  by  Harrington,^  who  states  the 
variety  having  the  lowest  percentage  of  hulls  and  the  highest  percentage 
of  meats  will  have  the  greatest  amount  of  oil,  regardless  of  the  size  of 
the  seed.” 


Average  Composition  of  Whole  Cottonseed  (Harrington) 


Variety 

W^eight 
100  seeds 

Hulls 

Meats 

Oil 

Protein 

grams 

% 

% 

% 

% 

Acala . 

10.45 

47.37 

52.63 

16.65 

27.55 

Burnett . 

8.44 

49.64 

50.36 

16.39 

28.47 

Cleveland . 

8.88 

49.08 

50.92 

15.25 

27.30 

Delfos . 

8.65 

51.92 

48.08 

15.19 

27.82 

Half  and  Half . 

9.01 

45.74 

54.26 

17.29 

29.40 

Lone  Star . 

10.65 

51.13 

48.87 

15.87 

27.85 

Long  Staple  Average . . . 

9.19 

51.06 

48.94 

15.43 

27.61 

Mebane . 

9.97 

49.51 

50.49 

16.18 

28.15 

Rowden . 

11.17 

51.28 

48.72 

15.46 

27.10 

Composition  of  Cottonseed  Products.  Cottonseed  The  aver¬ 

age  composition  of  the  cottonseed  meal  on  the  market  in  the  last  quarter 
of  the  nineteenth  century  was  little  inferior  to  that  shown  in  the  above 
analysis  by  McBryde.  As  given  in  Jenkins  and  Wanton’s  Compilation 
the  average  of  35  analyses  made  prior  to  1892,  calculated  to  the  water- 
free  substances,  was;  protein  46.1,  fat  14.2,  nitrogen-free  extract  25.8 
fiber  6.1,  and  ash  7.8  per  cent.  *  ’ 


In  more  recent  years  more  or  less  of  the  cottonseed  hulls,  a  by-product 
formerly  burned  under  the  boilers  in  the  oil  mills,  has  been  mixed 
with  the  meal  in  various  proportions,  thus  reducing  the  content  of 
protein  and  fat  and  increasing  the  content  of  fiber.  This  practice 

appears  to  be  justified  since  the  hulls  contain  a  certain  amount  of  food 
elements  and  also  serve  as  roughage. 


^  Loc.  cit. 
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Lindsey,  Smith,  and  Beals,  in  the  Compilation  of  Analyses  made  at 
the  Massachusetts  Experiment  Station,^  bring  out  clearly  the  difference 
in  composition  between  the  product  on  the  market  prior  to  1910  and 
since  that  date. 


Composition  of  Cottonseed  Meal  (Lindsey  et  al.) 


« 

Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Prior  to  1910  .  . 
Since  1910 . 

404 

255 

% 

7.0 

7.0 

% 

44.6 

39.4 

% 

10.0 

7.2 

% 

25.2 

29.4 

% 

6.5 

10.8 

% 

6.7 

6.2 

The  term  “  cottonseed  meal  ”  is  now  restricted  to  a  high-grade  feed, 
although  not  so  high  as  old-fashioned  cottonseed  meal,  and  the  term 
“  cottonseed  feed  ”  is  applied  to  a  lower-grade  feed. 

The  following  analyses  reported  by  Fuller  ^  and  made  under  the 
direction  of  Fraps  in  the  enforcement  of  the  Texas  Feed  Law,  which 
does  not  recognize  as  meal  a  product  containing  less  than  43  per  cent  of 
protein,  illustrates  the  range  in  composition  of  several  types  of  cotton¬ 
seed  products: 


Composition  of  Cottonseed  Products  (Puller) 


Sam¬ 

ples 

Cake,  43  per  cent  protein . 

Cake  screenings,  43  per  cent 

214 

2 

Ground  feed,  41.12  per  cent  pro- 

8 

Ground  feed,  38.56  per  cent  pro- 

2 

Meal,  45  per  cent  protein . 

Meal,  43  per  cent  protein . 

Whole-pressed  seed,  28  per  cent 

.  2 

603 

2 

Whole-pressed  seed,  25  per  cent 

17 

Water 

Pro¬ 

tein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

6.16 

43.88 

6.39 

27.88 

10.37 

5.32 

6.11 

43.03 

6.74 

27.69 

11.26 

5.17 

6.47 

42.48 

6.49 

27.99 

11.19 

5.38 

6.83 

45.04 

7.98 

25.91 

8.57 

5.67 

6.50 

44.36 

6.46 

27.04 

10.45 

5  19 

6.29 

43.04 

7.27 

27.44 

10.61 

5.35 

5.43 

28.69 

6.08 

32.08 

23.50 

4.22 

5.27 

28.25 

6.49 

32.56 

23.25 

4.20 

— — 

1  Spec.  Bui.  1919. 

2  Texas  Agr.  Exp.  Sta.  1929,  Bui.  404 
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Cottonseed  Flour— The  substitution  of  finely  ground  cottonseed  meal 
free  from  hulls  for  a  portion  of  the  flour  in  making  bread  and  biscuit 
has  been  studied  by  Fraps.^  He  cautions  against  using  more  than  one 
part  of  cotton  seed  flour  to  four  parts  of  wheat  flour  and  overeating, 
because  of  its  possible  injurious  properties.  The  composition  of  the 
cottonseed  flour  and  bread  products  are  tabulated  as  follows ; 


Composition  of  Cottonseed  Flour  and  Bakery  Products  (Fraps) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Cottonseed : 

% 

% 

% 

% 

% 

% 

Flour . 

7.21 

48.25 

12.16 

22.85 

3.95 

5.58 

Bread . 

24.98 

14.13 

4.85 

51.98 

1.95 

2.11 

Steamed  bread . 

40.00 

13.48 

7.80 

33.59 

2.13 

3.00 

Ginger  bread . 

22.80 

17.19 

11.63 

42.98 

2.60 

2.80 

Ginger  snaps . 

6.50 

16.32 

14.70 

57.64 

2.71 

2.13 

Biscuits . 

11.23 

18.52 

11.42 

51.53 

3.05 

4.25 

Proteins.  Both  Ritthausen  “  and  Osborne  and  Voorbees^  under¬ 
took  to  separate  the  proteins  from  cottonseed,  but  the  results  were  far 
from  complete  owing  to  imperfect  filtration,  interfering  coloring  sub¬ 
stances,  and  other  difficulties.  In  one  case  only,  namely  edestin,  a 
globulin  (soluble  in  salt  solution),  was  a  protein  isolated  in  considerable 

amount  and  in  a  state  of  purity.  The  protein  soluble  in  water  was 
mostly  'proteose. 

The  percentages  by  Osborne  and  Voorhees  given  below  represent  the 
protein  dissolved  by  the  usual  solvents: 


Soluble  in  water . 

Soluble  in  salt  solution 

Soluble  in  alkali . 

Insoluble  in  alkali .... 


Protein  in 
fat-free  kernels 


% 

0.75 

15.83 

17.00 

4.27 


Nitrogen  in  total 
nitrogen  of  kernel 


% 

2.0 

42.3 

44.3 

11.4 


100.0 


1  Texas  Agr.  Exp.  Sta.  1910,  Bui.  128. 
'  J.  prakt.  Chem.  1881,  23,  481. 

®  J.  Am.  Chem.  Soc.  1894,  16,  778. 
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Jones  and  Csonka  ^  by  preliminary  extraction  with  benzol  were  able 
to  remove  most  of  the  oil,  resins,  and  coloring  matter  from  the  ker¬ 
nel.  They  obtained  two  proteins,  a-globulin  and  )S-globulin,  by  pre¬ 
cipitation  from  the  salt  solution  extract  with  ammonium  sulphate 
added  to  0.4  to  0.5  and  0.7  to  0.8  saturation  respectively,  the  latter  case 
after  previous  dilution  of  the  extract.  The  yield  of  a-globulin  was  2.59 
per  cent  and  its  coagulation  point  95  to  97°  C.;  the  yield  of  /3-glob¬ 
ulin  was  16.0  per  cent  and  its  coagulation  point  92  to  93°  C.  They 
also  isolated  2.08  {X'r  cent  of  a  pentose  protein  by  evaporating  in  vacuo 
the  filtrate  from  the  dialyzed  globulins  and  precipitation  with  alcohol. 
Analysis  showed  that  the  pentose  protein  contained  pentose  16.57, 
phosphorus  0.194,  and  nitrogen  12.64  per  cent.  A  small  amount  of 
what  appeared  to  be  a  glutelin  was  isolated.  No  nucleic  acid  was 
found. 

44ie  intimate  Com  position  of  Osborne  and  Voorhees’  edestin,  which 
is  practically  identical  with  the  edestin  of  squash  seed^^^  linseed,  and 


castor  bean,  follows: 

% 

Carbon .  51.71 

'  Hydrogen . '  6.86 

Nitrogen .  18.64 

Sulphur .  0.62 

Oxygen .  22.17 


100.00 


Amino  Adda  of  Cottonseed  Pro<ei>(s.— Abdcrhiildcn  and  Rostoski  ^ 
obtained  results  by  hydrolysis  of  the  edestin  as  tabulated  below. 


Glycocoll . 

Alanine . 

Valine . 

I^eucine . 

Serine . 

Aspartic  acid . 
Glutamic  acid 

Tyrosine . 

Phenylalanine 

Proline . 

Tryptojihane. 


% 

1.2 

4.5 

+ 

15.5 
0  4 

2.9 
17.2 

2.3 

3.9 
2.3 
+ 


VT.  Biol.  Chem.  1925,  64,  673. 

2  Z.  physiol.  Chem.  1905,  44,  265. 
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Jones,  Gersdorff,  and  Moeller ^  report  in  cottonseed  globulin:  cystine 

'  1.07  and  tryptophane  2.58  per  cent. 

Nitrogen  Distribution  in  Cottonseed  Proteins. — Jones  and  Csonka  “ 
by  Van  Slyke’s  method  found  the  nitrogen  distribution  in  a-  and  /5-glob¬ 
ulin  and  the  pentose  protein  to  be  as  follows : 


Nitrogen  Distribution  in  Cottonseed  Proteins  (Jones  and  Csonka) 


a-Globulin 

/S-Globulin 

Pentose  Protein 

% 

% 

% 

Humin  N . 

1.66 

1.87 

4.62 

Cystine  N . 

0.54 

0.51 

1.43 

Arginine  N . 

22.90 

23.94 

23.02 

Lysine  N . 

4.07 

4.36 

8.54 

Histidine  N . 

5.27 

6.15 

3.09 

Amino  N  in  filtrate 

51.53 

50.11 

43.93 

Non-amino  N  in  filtrate.  .  . 

2.58 

1.90 

1.03 

Amide  N . 

11.40 

11.70 

12.99 

99.95 

100.54 

98.65 

Nitrogen  Distribution  in  Cottonseed  Meal. — In  1915,  Grindley,  Joseph, 
and  Slater  ^  and  Nollau  ^  reported  results  by  Van  Slyke’s  method  on  the 
nitrogen  distribution  in  cottonseed  meal.  The  lack  of  concordance  in 


some  of  the  results  may  be  explained  as  due  in  part  to  differences  in  the 

material  and  in  part  to  imperfections  of  the  method.  In  the  table  below 

the  results  by  Nollau  are  those  obtained  in  1915;  those  by  Hamilton, 

Nevens,  and  Grindley  ^  represent  the  status  of  the  method  six  years  later! 

Nitrogenous  Bases.  Ritthausen  and  Weger^  found  betaine  in  the 

mother  liquor  from  the  raffinose.  Bohm^  showed  that  choline  was  also 
present. 


Oil.— The  percentages  of  oil  in  the  seed,  the  yield  of  oil,  and  the  per¬ 
centages  left  in  the  cake  and  meal  are  considered  in  the  general  state- 
ments  on  composition. 

Physical  and  Chemical  Values  are  frequently  determined  in  distin¬ 
guishing  cottonseed  oil  from  olive  oil  for  which  it  has  been  substituted. 

e  range  for  cottonseed  oil,  as  of  other  oils  and  fats,  has  been  based  on 
determmations  in  samples  often  not  well  authenticated,  hel  thfd" 


^  J.  Biol.  Chem.  1924,  62,  183. 
^  Loc.  cit. 

’  J.  Am.  Chem.  Soc.  37,  1778. 
^  J.  Biol.  Chem.  21,  611. 


®  J.  Biol.  Chem.  1921,  48,  249. 
®  J.  prakt.  Chem.  2  ser.  30,  32. 
^  Arch.  exp.  Path.  19,  60. 
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Nitbogen  Distribution  in  Cottonseed  Meal 


Nollau 

llamilton, 
Nevens  and 
Grindley 

Humin  N . 

% 

().27 

2.74 

12.77 

7.57 

1.94 

45.02 

7.49 

% 

0.30 

0.94 

18.71 

7.17 

4.21 

40.72 

2.87 

0.10 

0.55 

5.50 

9.41 

3.29 

Cystine  N . 

Arginine  N . 

Histidine  N . 

Lysine  N . 

Mono-amino  N* . 

Non-amino  N  * . 

Ether  soluble  N . 

Alcohol  soluble  N . 

Non-protein  N  f . 

• 

Amide  N . 

14.00 

N  lost  in  analysis . 

97.80 

99.83 

1 

*  In  filtrate  from  bases.  Includes  proliiie,  oxyproline,  and  tryptophane  N. 
t  Soluble  in  1  per  cent  trichloracetic  acid — in  filtrate  from  colloidal  iron. 


crepancies  in  the  literature.  The  following  limits  appear  to  be  justified 
by  results  obtained  by  De  Negri  and  Fabris,'  Tolman  and  Munson, ^  and 
others,  including  the  writers: 


Values  for  Cottonseed  Oil 


• 

Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Maumenc 

No. 

,Saf)onifi- 

cation 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

°C. 

Min . 

0.922 

1.470 

50 

191 

104 

34 

Max . 

0.925 

1.472 

78 

105 

114 

40 

— 

Composition  of  Cottonseed  0i7.— Ilazunr"  established  the  presence  of 
linolic  and  oleic  acids  and  the  absence  of  linolenic  acid  in  cottonseed  oil. 
He  estimated  that  approximately  60  per  cent  of  hnohc  and  40  per  cent 
of  oleic  acids  were  present  in  the  unsaturated  adds.  Lewkowitsch 

1  Ann.  Lab.  chim.  centr.  Gabelle,  2,  Gli  Olii,  II,  92. 

2U.  S.  Dept.  A^r.,  Bur.  Chem.  1903,  Bui.  77. 

®  Z.  angew.  Chem.  1888,  315. 

<  Chem.  Tech.  Anal.  Oils,  etc.  Ixindon,  1913,  1,  573. 
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gives  Farnsteiner’s  figure  for  linolic  acid,  namely  23.9  per  cent,  found  in 
direct  experiment.  These  conflicting  statements  led  Jamieson  and 
Baughman  1  to  an  investigation  of  American  oil,  cold  pressed  by  an 
expeller,  derived  from  Sea  Island  cotton.  Later  ^  they  applied  the 
same  method  to  the  oil  of  upland  cottonseed.  By  the  lead  salt  ether 
method  they  found  in  the  Sea  Island  oil  23  per  cent  of  saturated  and 
72.5  per  cent  of  unsaturated  acids.  Examination  of  the  latter  gave: 
iodine  number  (Hanus)  142.2,  saponification  number  199.4,  and  mean 
molecular  weight  281.3. 

Composition  of  Cottonseed  Oil  (Jamieson  and  Baughman) 


Upland 

cottonseed 

Sea  Island 
cottonseed 

Glycerides  of : 

% 

% 

Arachidic  acid . 

0.1 

0.6 

Stearic  acid . 

1.9 

2.0 

Palmitic  acid . 

21.9 

20.0 

Myristic  acid . 

0.5 

0.3 

Oleic  acid . 

30.5 

35.2 

Linolic  acid . 

44.8 

41.7 

Unsaponifiable  matter.  .  .  . 

0.9 

100.6 

99.8 

Qualitative  Reactions.  The  Becchi  test,  depending  on  reduction  of 

silver  from  a  silver  nitrate  solution,  variously  carried  out,  is  character- 
istic  to  a  limited  extent. 

A  more  valuable  test  is  that  proposed  by  Halphen  in  which  equal 
volumes  of  the  oil  and  the  reagent  (a  mixture  of  one  part  of  a  1  per  cent 
solution  of  sulphur  in  carbon  disulphide  and  one  part  of  amyl  alcohol) 
are  heated  tor  15  minutes  in  a  boiling  brine  bath.  The  characteristic 
deep  red  color  thus  formed  has  been  shown  by  Gastaldi  ^  to  be  due  to 
the  action  of  pyridin  bases  present  as  impurities  in  the  amyl  alcohol  on  a 
chromogenic  constituent  of  the  oil.  This  substance  passes  into  the  fat 
of  animals  fed  on  cottonseed  meal;  on  the  other  hand  it  may  be  de- 

frr  Z"  treatments,  Kapok  oil  and 

other  oils  of  the  Bombacese  give  the  same  reaction. 

Phytosterol.-AccoTdmg  to  Anderson  and  Moore, at  least  two  phy- 


Am.  Chem.  Soc.  1920,  42,  1197. 

*  Oil  Fat  Ind.  1927,  4,  131. 


'Chem.  Z.  1911,  36,  688. 

M.  Am.  Chem.  Soc.  1923,  46,  1944. 
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tosterols  occur  in  cottonseed  oil.  Fractions  separated  by  crystallization 
had  the  following  characteristics:  melting  point  138  to  139°  and  134 
to  135°  C.,  optical  rotation  -34.19°  and  -33.61°.  The  authors  state 
that  probably  neither  preparation  was  homogeneous,  as  complete  separa¬ 
tion  was  difficult  if  not  impossible. 

Carbohydrates. — Hitthausen^  found  in  cottonseed  a  crystalline  car¬ 
bohydrate  to  which  he  gave  the  name  gossypose.  Tollens^  proved  that 
this  sugar  was  identical  with  the  melitose  of  Bcrthelot  and  the  ra^nose 
of  Loiseau.  The  latteV  name  was  adopted.  See  Browne’s  “  Sugar 
Analysis,”  New  York,  1912,  p.  732. 

Pentosans. — See  Sea  Island  Cottonseed. 

Xylose. — Markley^  gives  unusually  complete  analyses  of  “cotton¬ 
seed  hull  bran  ”  showing  a  yield  of  xylose  and  other  pentoses  amounting 
to  about  40  per  cent  and  furfural  to  22.28  per  cent.  Enley  ■*  has  devel¬ 
oped  a  process  for  production  of  xylose  from  cottonseed  hulls  on  a 
large  scale. 

Gossypol. — Although  previous  investigators  had  obtained  extracts 
containing  the  toxic  principle  of  cottonseed  meal,  Alarchlewski  ^  appears 
to  have  been  the  first  to  separate  the  substance  from  its  impurities  and 
obtain  crystals  which  according  to  Carruth  must  have  been  the  acetate. 

Crawford^  believed  that  the  chief  toxic  substance  of  cottonseed  meal 
is  a  salt  of  pyrophosphoric  acid  formed  by  the  heating  at  a  high  tempera¬ 
ture  incident  to  the  process  of  manufacture. 

U'ithers  and  Ray  ^  in  a  preliminary  report  stated  that  by  extracting 
with  gasoline,  boiling  with  an  alcoholic  solution  of  sodium  hydroxide, 
and  filtering  they  were  able  to  remove  the  toxic  substance  from  cotton¬ 
seed  meal. 

Withers  and  Carruth  ^  separated  from  cottonseed  kernels  a  toxic  sub- 
stance  apparently  identical  with  the  gossypol  of  Marchlewski.  The 
substance  is  quickly  oxidized  and  made  harmless  by  heating  in  an  alco¬ 
holic  sodium  hydroxide  solution. 

Carruth, “  adhering  to  Alarchlowski’s  name  gossypol,  gossypfium- 
phcn)ol,  distinguishes  between  the  phenolic  body  itself  (gossypol)  and 
gossypol  acetate,  which  he  showed  is  the  substance  Marchlewski 
obtained  in  crystalline  form.  The  red  color  which  appears  on 
adding  concentrated  sulphuric  acid  to  the  contents  of  the  resin 
cavities  in  microtests  is  regarded  by  Carruth  as  a  gossypol  reaction. 


1  .J.  prakt.  Chem.  2  ser.  29,  351. 

2  B.  (leut.  chem.  Ges.  1885,  18,  20. 
3.J,  Am.  Soc.  A{>;ron.  1928,  20,  1102. 
*  Science  1930,  71,  lv4. 

6.J.  prakt.  Chem.  1899,  60,  84. 


®  J.  Pharmacol.  1910,  1,  519.  ^ 

^  Science  1912,  36,  31. 

*  Science  1915,  41,  324. 

»,1.  Am.  Chem.  Soc^  1918,  40,  647. 
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He  found  in  the  undried  kernels  as  high  as  0.63  per  cent  of  gossypol, 
and  his  ultimate  analyses  indicate  an  empirical  formula  of  C30H28O9 
or  C30H30O9,  although  its  constitution  is  unknown. 

Carruth  also  isolated  three  substances  more  or  less  resembling 
gossypol,  namely  a-,  b-,  c-,  and  d-gossypol,  the  last  being  the  less  soluble 
and  less  toxic  substance  into  which  gossypol  appears  to  pass  on  proper 
cooking.  Very  little  gossypol  was  found  in  hot-pressed  meal  or  oil,  but 
at  least  three-fourths  appeared  in  the  oil  obtained  by  commercial 
“  cold  pressing,”  even  though  considerable  heat  develops  during  the 
process.  In  true  cold-pressed  oil  little  gossypol  is  present  because 
the  oil  is  squeezed  out  before  it  can  penetrate  into  the  resin 
cavities. 

Commercial  “  cold-pressed  ”  oil  contains  as  high  as  1.5  per  cent  of 
gossypol,  which  on  treatment  with  alkali  as  is  customary  in  refining 
passes  into  the  foots,  leaving  the  oil  itself  entirely  free  from  the  toxic 
substances. 

In  the  determination  of  gossypol  Carruth  made  use  of  the  very 
slightly  soluble  dianiline  salt,  a  compound  discovered  by  Dobbins  of  the 
same  laboratory,  which  separates  from  an  oily  extract  on  standing  as 
orange-yellow  microscopic  crystals. 

AVithers  and  Carruth  ^  in  experiments  with  rats  and  pigs  established 
the  toxicity  of  gossypol.  They  found  that  cottonseed  meal  is  much  less 
toxic  than  raw  cottonseed,  owing  mainly  to  the  oxidation  of  the  gossypol 
during  cooking.  Nevertheless  it  was  found  to  be  injurious  to  pigs. 
Raw  seed,  extracted  with  ether,  was  not  injurious. 

Withers,  2  in  continuation  of  the  study,  was  able  to  obtain  meal  free 
from  gossypol  and  d-gossypol  by  extraction  with  ether  and  then  with 
aniline.  Aniline-d-gossyppl  contained  1.07  per  cent  more  carbon  and 
0.36  per  cent  more  hydrogen  than  aniline-gossypol,  but  the  nitrogen 
in  the  two  substances  was  about  the  same.  The  greater  gain  in  weight 
at  140°  C.  of  the  aniline-gossypol  is  regarded  as  further  evidence  that 
the  two  substances  are  not  the  same.  In  cotton  hulls  he  found  0.75 
per  cent  and  in  the  meats  0.7  per  cent  of  gossypol. 

Relation  of  Gossypol  Content  to  Development. — Analyses  (shown  below) 
were  made  by  Gallup  ^  of  cottonseed  of  the  variety  Oklahoma  Triumph 
44  at  different  stages  of  development.  Gossypol  was  determined  by 
Carruth’s  method  as  modified  by  Schwartze  and  Alsberg,  using  the  factor 

r  w  approaches 

v.3()Ji28'J9^C6Hr,JNH2  in  composition,  into  gossypol. 

U.  Agr.  Res.  1918,  12,  83. 

^  N.  Carolina  Agr.  Exp.  Sta.  Rep.  1919,  p.  40. 

J.  Agr.  Res.  1927,  34,  987. 
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Anal'vses  Showing  Gossypol  Content  of  Cottonseed  at  Different  Stages  of 

Maturity  (Gallup) 


(Dry  basis) 


Condition  of  boll  or  seeds 

Protein 

Viii 

N-f.ext. 

Fiber 

Ash 

Gossy¬ 

pol 

% 

% 

% 

% 

% 

% 

About  to  open . 

28.46 

13.97 

32.81 

18.56 

6.20 

0.048 

Just  open . 

31.11 

24.01 

26.49 

14.46 

3.93 

0.428 

Open  2  to  3  days . 

28.46 

24.82 

28.43 

15.13 

3.16 

0.461 

Open  5  to  6  days . 

29.86 

23.73 

27.93 

15.33 

3.15 

0.538 

0|)en  over  6  days . 

28.37 

24.41 

28.69 

15.20 

3.33 

0.546 

Mature  seeds  picked  Feb.  1 . 

30.29 

25.76 

26.34 

14.37 

3.24 

0.551 

Seeds  obtained  from  pin . 

29.01 

23.41 

28.46 

15.78 

3.34 

0.452 

Relation  of  Gossypol  Content  to  Fat  Content. — Schwartze  and  Alsberg  ^ 
report  a  range  in  gossypol  content  of  cottonseed  kernels  (decorticated 
seeds)  of  0.4  to  1.2  per  cent  and  show  that  this  is  independent  of  variety 
but  bears  a  striking  relation  to  the  fat  content.  P’or  example,  the  sample 
with  the  lowest  fat  content  (28.87  per  cent)  contained  only  0.411  per  cent 
of  gossypol,  w'hereas  the  sample  with  the  highest  fat  content  (40.98  per 
cent)  contained  0.957  per  cent  of  gosspyol,  the  water  content  in  the  two 
samples  agreeing  within  1  per  cent. 

Gallup  (see  table  above)  found  no  correlation  between  the  formation 
of  oil  and  the  formation  of  gossypol. 

Influence  of  Process  on  Gossypol  Content. — Examination  by  Sher¬ 
wood  ^  of  three  types  of  cottonseed  meal  for  gossypol  and  d-gossypol 
gave  the  maximum  and  minimum  results  shown  in  the  table.  The 
continuous  cooker  meals  w'ere  from  North  Carolina. 


Process 

Samples 

Gossypol 

d-Gossypol 

% 

% 

Continuous  cooker .... 

22 

0.007-0.228 

0.633-1.076 

Open  kettle . 

14 

0.021-0.150 

0.544-0.963 

Cold  pressed . 

4 

0.020-0.102 

0.335-0.505 

He  concludes  that  70  per  cent  or  more  of  the  gossypol  originally 
present  is  converted  in  the  manufacturing  process  into  the  less  toxic 

d-gossypol. 

1  J.  Agr.  Res.  1923,  26,  285. 

2  Ibid.  1926,  32,  793. 
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In  experiments  on  the  destruction  of  toxic  substances  Gallup^ 
tested  the  efficiency  of  (1)  dry  heating  of  the  ground  seed  at  110°  and 
(2) 'autoclaving  the  whole  seed  wet  at  20  lb.  pressure  with  the  following 
results : 


Gossypol 

d-Gossypol 

Original  seed . 

0.275 

none 

Ground  seed  heated  dry  at  110°  C.: 

10  minutes . 

0.137 

0.135 

15  minutes . 

0.021 

0.309 

30  minutes . 

0.021 

0.222 

16  hours . 

none 

0.112 

Whole  seed  autoclaved  at  20  pounds:. 

10  minutes . 

0.082 

0.091 

20  minutes . 

0.058 

0.075 

1  hour . 

none 

0.048 

2  hours . 

none 

none 

t 

Rats  fed  on  meal  heated  at  110°  C.  for  1  hour  died  in  30  days; 
those  fed  on  whole  seed  autoclaved  wet  for  30  minutes  were  living  after 
100  days.  All  the  rats  fed  on  untreated  seed  or  sprouted  seed  died  in 
40  days.  These  experiments  indicate  that  both  gossypol  and  d-gossypol 
are  toxic. 

Clark  2  believes  that  the  cooking  process  does  not  alter  the  gossypol 
molecule  and  the  term  d-gossypol  should  be  abandoned.  He  advances 
the  hypothesis  that  the  gossypol  merely  condenses  with  the  free  amino 
groups  of  the  protein  forming  insoluble  and  non-toxic  substances.  From 

both  gossypol  and  d-gosspol  he  prepared  crystalline  dianiline  gossypol 
identical  in  all  respects. 

Phosphorus-Organic  Compounds.— Rather  3  found  that  about  25 
per  cent  of  the  total  phosphorus  of  cottonseed  meal  was  soluble  in  0.2 
per  cent  of  hydrochloric  acid,  which  is  much  less  than  the  amounts  of 
water-soluble  phosphorus  given  by  other  authors.  The  form  in  which 
this  phosphorus  existed  was  not  ascertained,  although  it  was  shown  that 
meta-  and  pyro-phosphoric  acids  were  absent. 

Anderson  ^  demonstrated  that  cottonseed  meal  contains  an  organic 
phosphoric  acid  similar  to  phytic  acid.  It  gave  all  the  reactions  pre- 

^  Ind.  Eng.  Chem.  1927,  19,  726. 

2  J.  Biol.  Chem.  1928,  76,  229. 

Texas  Agr.  Exp.  Sta.  1912,  Bui.  146 

‘  New  York  Agr.  Exp.  Sta.  1912,  Tech.  Bui.  26;  J.  Biol.  Chem.  1912,  13.  311. 
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viously  attributed  to  pyro-  and  meta-phosphoric  acids.  Its  identity 
with  phytin  was  not  established,  but  it  was  shown  to  yield  inosite  and 
phosphoric  acid  on  heating  in  a  closed  tube  with  dilute  sulphuric  acid. 

In  a  later  paper  ^  Anderson  describes  the  barium  and  silver  salts  and 
states  his  belief  that  phytin  is  inosite  hexaphosphate  (C6H18O24P6)  or  an 
isomer. 

Mineral  Constituents. — Mcliryde  “  determined  the  principal  ash 
constituents  of  whole  cottonseed,  kernels,  and  hulls. 


Analysis  of  Cottonseed  Ash  (McBryde) 
(PerrcntuKt's  cf  the  dry  matter) 


KaO 

Na,.() 

CaO 

MgO 

P2O5 

SO, 

Sand 

Whole  seed .... 
Kernels . 

% 

1  255 

1.216 

1  . 454 

% 

0.021 

% 

0.201 

0.175 

0. 182 

% 

0.537 

0.883 

0.3m) 

% 

1.096 

1 .840 
0.102 

% 

0.138 

0.126 

0.105 

% 

0.025 

0.580 

0.042 

Hulls . 

McHargue*^  determined  the  inorganic  elements,  including  the  rarer 
metals,  in  the  leaves,  stalks,  kernels,  and  hulls  of  the  cotton  plant. 
Only  the  figures  obtained  on  the  kernels  and  hulls,  which  contained  in 
the  water-free  material  4.18  and  2.68  per  cent  of  ash  and  47.00  and  3.88 
per  cent  of  protein  respectively,  are  included  in  the  following  tabular 
statement ; 


Mineral  Constituents  of  Cottonseed  Kernei.8  and  Hulls  (McH argue) 

(Percentages  of  the  dry  matter) 


K 

Xa 

Ca 

Mk 

Fe 

Mn 

Cu 

Zn 

P 

S 

Kernels.  .  .  . 
Hulls . 

’% 

1  l.V» 

1.  14.1 

% 

0  711 
0.877 

% 

0.  186 
0. 1.37 

% 

0.378 
0.  130 

% 

0.01.30 

0.0248 

% 

0.0013 

0.0138 

% 

0.00.31 

0.0014 

% 

0.0.32 

0.002 

% 

1.794 

0.058 

% 

0..361 

0.038 

The  author  himself  calls  attention  to  the  high  percentages  of  sodium 
in  the  ash  but  was  unable  to  explain  the  same  as  the  crop  was  not  grown 
under  his  supervision  and  he  had  no  knowledge  of  the  nature  of  the  soil 

or  the  fertilizer  used. 

■  New  York  A^r.  Exp.  Sta.  1914,  Tech.  Bui.  32;  J.  Biol.  Chem.  1914,  17,  141. 

*  Tennesee  Agr.  Exp.  Sta.  1891,  Bui.  4,  5. 

3  J.  Am.  Soc.  Agron.  1926,  18,  1076. 
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Gossypium  Barhadense  L. 

This  species,  also  known  as  Barbadoes,  E^>;yptian,  and  long-staple 
cotton,  is  a  native  of  the  West  Indies.  It  is  distinguished  from  common 
cotton  by  its  somewhat  higher  growth  (2  meters  or  over),  its  longer 
fibers,  and  the  absence  of  short  fibers  remaining  on  the  seed  after  gin¬ 
ning.  It  is  extensively  grown  in  the  lowlands  of  South  Carolina  and 
neighboring  regions,  and  the  fiber  is  used  in  fine  thread  and  textiles. 

MACROSCOPIC  STRUCTURE.— The  seed  is  naked,  nearly  black, 
not  covered  with  a  mat  of  short  fibers,  and,  as  brought  to  notice  by 
Richardson  of  Lincoln,  England,  the  inner  surface  of  the  hull  is  deep 
brown,  not  as  in  common  cotton  more  or  less  opalescent. 

MICROSCOPIC  STRUCTURE. — The  outer  and  inner  brown  coats  of 
the  spermoderm  are  of  a  darker  color  than  the  corresponding  layers  of 
common  cottonseed  and  the  innermost  tissue  is  not,  as  in  common 
cotton,  more  or  less  disorganized  and  without  brown  contents. 

In  other  respects  upland  and  Sea  Island  cotton  are  alike  in  structure. 

CHEMICAL  COMPOSITION. — Shiver  ^  analyzed  2  varieties  of 
Sea  Island  cottonseed  and  its  products  as  secured  by  the  processes  in  use 
in  1902.  As  the  seeds  of  the  2  varieties  were  practically  the  same  in 
composition,  except  as  regards  the  fat  content  which  was  nearly  2  per 
cent  more  in  one  variety  than  the  other,  only  the  average  results  are 
herewith  given.  The  kernels  constituted  59.58  per  cent  and  the  hulls 
40.42  per  cent  of  the  seed. 


Average  Composition  of  Sea  Island  Cottonseed  and  Its  Products  (Shiver) 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Seed . 

% 

8.05 

6.47 

•9.24 

10.29 

6.93 

5.91 

% 

20.96 

34.00 

28.43 

6.71 

3.88 

2.30 

% 

19.71 

34.65 

7.86 

3.04 

2.27 

1.10 

% 

31.44 

16.80* 

33.41t 

44.73 

11.29 

8.03 

% 

15.31 

2.31 

15.92 

32.22 

73.20 

81.04 

Kernels.  .  .  . 
Meal . 

Hulls . 

Linters . 

Lint . 

*  Pentosans  4.49  per  cent.  f  Pentosans  13.08  per  cent. 


Ash 


% 

4.53 

5.77 

5.14 

3.01 

2.43 

1.62 


Proteins. — See  Cottonseed. 

Oil.-According  to  Shiver  2  the  mill  yield  of  oil  was  75.8  per  cent  of 

•  S.  Carolina  A^r.  Exp.  Sta.  1902,  Bui.  68,  90. 

*  Loc.  cit. 
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the  total  amount  present  in  the  seed.  At  23.6°  C.  the  refractive  index 
of  the  oil  was  1.4718  and  the  saponification  equivalent  215. 

Composition. — See  Cottonseed. 

Carbohydrates. — See  Cottonseed. 

Pentosans. — Shiver  ^  found  4.49  per  cent  of  pentosans  in  Sea  Island 
cottonseed  kernels  and  13.08  per  cent  in  the  meal.  Obviously  the  meal 
contained  considerable  hulls. 

Xylose. — See  Cottonseed. 

Mineral  Constituents. — The  composition  of  the  ash  was  determined 
by  Shiver  ^  from  the  standpoint  of  fertilizing  value,  hence  the  determina¬ 
tions  of  soluble  and  insoluble  phosphoric  acid  and  water-soluble  potash. 
The  results  of  these  determinations  are,  however,  of  general  interest, 
especially  as  the  figures  bear  relation  to  the  phytin  content. 


Constituents  of  Ash  of  Sea  Island  Cottonseed  and  Its  Products  (Shiver) 


Seed 

Kernels 

Meal 

Hulls 

Lin ter 

Lint 

% 

% 

% 

% 

% 

% 

Ash . 

4 

530 

5 

770 

5 

140 

3 

010 

2 

430 

1 

62 

Constituents  of  ash: 

Total  potash . 

1 

.615 

1 

734 

1 

676 

1 

346 

0 

510 

0 

57 

Water-soluble  potash . 

1 

.370 

1 

.560 

1 

.370 

1 

.090 

Lime . 

0 

.322 

0 

.374 

0 

.346 

0 

.239 

0 

212 

0 

.17 

Magnesia . 

0 

.657 

0 

.905 

0 

.837 

0 

.331 

0 

.158 

0 

.13 

Total  phosphoric  acid . .  .• . 

1 

.628 

2 

.676 

1 

.894 

0 

.387 

0 

.198 

0 

.13 

Insoluble  phosphoric  acid . 

0 

.080 

0 

.120 

0 

.140 

0 

.050 

Soluble  phosphoric  acid . 

1 

.360 

1 

.660 

1 

.360 

0 

.330 

' 

Reverted  phosphoric  acid . 

0 

.180 

0 

.900 

0 

.400 

0 

.010 

.939 

0 

.14 

Insoluble  matter . 

0 

.037 

0 

.050 

0 

.063 

0 

.051 

0 

*  Loc.  cit. 


SEEDS  OF  THE  BOMBAX  FAMILY 


{Bomhacacese) 

Species  known  as  kapok  are  grouped  in  this  family,  which  is  closely 
related  to  the  mallow  family,  to  which  cotton  belongs.  The  cotyledons, 
unlike  those  of  cottonseed,  do  not  contain  resin  cavities. 

JAVANESE  KAPOK  SEED 

Eriodendron  anfractuosum  D.C.  =  Ceiba  pentandra  (L.)  Gartn.  =  Bom- 

hax  pentandrum  L, 

Fr.  Kapok.  Sp.  Pochote.  It.  Kapok.  Ger.  Kapoksamen. 

Both  Javanese  kapok  and  the  East  Indian  species  (Bombax  Ceiba 
L.  =  B.  malabaricum  D.C.)  yield  coarse  fibers  used  in  upholstery. 
These  fibers  are  borne  on  the  endocarp  and  not,  as  in  the  case  of  cotton, 
a  related  plant,  on  the  outer  epiderm  of  the  spermoderm.  Of  chief 
importance  is  Javanese  kapok,  the  product  of  a  tree  grown  in  various 
tropical  regions  of  the  Old  and  New  World.  It  is  said  that  the  seed  is 
eaten  by  the  native  Polynesians,  but  its  chief  use  is  for  oil  production 
both  in  the  countries  of  origin  and  to  some  extent  in  Holland.^ 

MACROSCOPIC  STRUCTURE. — In  the  five-celled  fruit  are  borne 
the  naked  seeds,  which  are  about  the  size  of  a  pea.  They  are  charac¬ 
terized  by  a  prominent  protuberance  which  Von  Bretfeld  ^  considers  to 
be  funiculus.  In  any  event,  hilum  and  micropyle  are  in  close  proximity 
in  this  region.  As  in  cottonseed  the  cotyledons  are  much  folded  but  not 
so  tightly.  Of  special  importance  is  the  absence  of  resin  cavities  such 
as  in  cottonseed  appear  as  black  spots  under  a  lens. 

MICROSCOPIC  STRUCTURE. — Von  Bretfeld  emphasizes  the  fol¬ 
lowing  distinctions  from  cotton:  (1)  the  outer  epiderm  has  thin  walls  and 
is  without  hairs  but  here  and  there  with  depressions  formed  by  the 
abrupt  decrease  in  height  of  the  cells,  (2)  the  colorless  cells  form  two  to 
four  cell  rows  and  contain  crystal  clusters,  (3)  the  palisade  cells  are  one- 
third  shorter,  (4)  the  inner  brown  layer  has  fewer  “  star-shaped  ”  cells, 

(5)  the  perisperm  cells  are  larger  and  less  knotty,  and  (6)  resin  cavities 
are  lacking  in  the  cotyledons. 

‘  Van  Pesch:  Landw.  Vers.-Stat.  1896,  47,  471. 

^  J.  Landw.  1887,  36,  29. 
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Chief  Structural  Characters. — Seed  without  hairs  but  with 
protuberance. 

Colorless  cells  containing  crystal  clusters  in  several  rows;  palisade 
cells  shorter  than  in  cottonseed.  Cotyledons  without  resin  cavities. 

CHEMICAL  COMPOSITION. — The  absence  of  resin  cavities  in 
both  Javanese  and  ICost  Indian  kapok  at  once  suggests  the  possible 
absence  of  gossypol  or  allied  toxic  substances,  but  no  experimental 
evidence  is  at  hand  on  that  important  point. 

Sprinkmeyer  and  Diedrichs  ^  call  attention  to  the  difference  in  size 
of  common  and  Ecuador  seed,  the  common  being  5  mm.  long,  the  Ecuador 
8  mm.,  but  in  both  the  ratio  of  shell  to  kernels  is  about  42  :  58.  The 
common  seed  contained  protein  25  to  33  per  cent,  fat  25  to  28,  and  ash 
5.4  to  5.6;  the  Ecuador,  protein  35.2,  fat  21.6,  and  ash  6.05  per  cent,  all 
on  the  dry  basis. 

Matthes  and  Holtz  ^  state  that  the  air-dry  seed  contains  25.6  per  cent 
of  fat,  which  is  not  clear  until  heated  to  28  to  29°. 

Georgi  found  by  chloroform  extraction  over  20  per  cent  of  fatty  oil 
which  deposits  stearin  on  standing.  The  cake  contained  3.98  per  cent 
of  nitrogen. 

Oil.  Physical  and  Chemical  Values. — Data  on  the  composition  of 
the  seed  and  oil  although  not  meager  are  conflicting.  Lewkowitsch 


Values  of  Javanese  Kapok  Seed  Oil 


sp.  gr. 
atl5°C. 

Refrac¬ 

tive 

index 

at40®C. 

Saponi- 

hcation 

No. 

Iodine 

No. 

Acid 

No. 

Fatty 

acids, 

titer 

Unsa- 

poni- 

fiable 

matter 

°C. 

% 

Sprinkmeyer  and  Died¬ 
richs: 

M  in  . 

0.9235 

1.4591* 

189.2 

85.0 

27.0 

0 . 9326 

1.4657* 

196.8 

91.0 

32.0 

Matthes  and  Holtz: 

0.9198 

196.3 

93.9 

4.0 

34. 5t 

THvnrPMPfJ  Oil . 

0.9218 

1.4630 

192.3 

8i8.7 

21.6 

0.66 

0.8 

Dickhart  and  Trevithick 
npnrcri  . 

0.9221 

0.9183 

1.4636* 

1.4636* 

194.5 

191.0 

94.9 

94.3 

12.lt 

1.8t 

28.1 
28. 4t 

*  Recalculated  for  uniformity. 


t  Per  cent. 


t  Melting  point. 


»  Z.  Unters.  Nahr.-Genussm.  1913,  26,  86. 
2  Arch.  Pharm.  1913,  261,  376. 

^  Malay.  A.f'v.  J.  1922,  10,  284. 
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noted  this  in  the  fifth  edition  of  his  work  and  dropped  certain  figures. 
He  does,  however,  give  results  for  iodine  number  by  three  chemists  as 
ranging  from  117.9  to  129,  which  are  20  to  over  30  points  above  the  more 
recent  figures  given  herewith.  It  must  be  admitted,  however,  that 
the  higher  figures  are  in  closer  agreement  with  those  of  the  oil  of  the 
related  species,  cottonseed. 

Sprinkmeyer  and  Diedrichs  ^  give  the  Reichert-Meissl  number  as 
0.20  to  0.66  and  state  that  the  oil  shows  a  stronger  Halphen  reaction 
than  cottonseed  oil.  Matthes  and  Holtz  ^  found  the  Reichert-Meissl 
number  to  be  9.8  and  the  Polenske  number  0.14  to  0.34.  They  state 
that  the  principal  constituents  are  tri-glycerides  of  palmitic,  oleic,  and 
linolic  acids,  and  that  the  oil  is  non-drying.  They  and  Dickhart  and 
Trevithick  ^  note  that  the  Halphen  reaction  is  strong. 

Pochote  Oil. — Attention  is  directed  by  Lomanitz  ^  to  this  oil-pro¬ 
ducing  shrub  now  being  grown  on  an  industrial  scale  in  Mexico.  He 
gives  two  synonyms,  E.  occidentale  and  E.  cesculifolium,  without  au¬ 
thorities,  but  obviously  the  shrub  is  not  the  common  kapok,  which  is  a 
large  tree.  Not  finding  any  mention  of  the  oil  in  the  literature  he 
reports  the  following  results  (and  others):  specific  gravity  at  15.5°  C. 
0.9253,  saponification  number  192,  iodine  number  85.89,  Reichert- 
Meissl  number  1.5,  Hehner  number  95.1,  acetyl  number  42.68,  melting 
point  of  insoluble  fatty  acids  34.0°  C.,  solidifying  point  of  fatty  acids 
(titer)  28.7°  C.,  iodine  number  of  insoluble  fatty  acids  90.31,  and  acid 
number  43.58. 

EAST  INDIAN  KAPOK  SEED 

Bomba.v  Ceiba  L.  =  B.  malabaricum  D.C. 

This  species  grows  in  the  region  extending  from  India  to  northern 
Australia. 

MACROSCOPIC  STRUCTURE. — Sprinkmeyer  and  Diedrichs 
note  the  absence  of  a  distinct  protuberance  on  the  seed,  thus  distinguishing 
it  from  Javanese  kapok  seed. 

MICROSCOPIC  STRUCTURE.-Hanausek  describes  briefly  the 
histology,  stating  that  it  resembles  closely  that  of  the  Javanese  seed. 

CHEMICAL  COMPOSITION. — An  article  published  in  the  Bul¬ 
letin  of  the  Imperial  Institute  ?  states  that  an  Indian  sample  examined 

^  Loc.  cit. 

^  Loc.  cit. 

^  Am.  J.  Pharm.  1922,  94,  34. 

^  J.  Ind.  Eng.  Chem.  1912,  4,  625. 

^  Z.  Unters.  Nahr.-Genussm.,  1913,  26,  86. 

«Tech.  Mikroskopie.  Stuttgart,  1901,  p.  368. 

^  1920,  18,  335;  Abs.  Chem.  Abs.  1921,  15,  2007. 
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contained:  water  8.9  and  petroleum  ether  extract  22.3  per  cent.  The 
residual  cake  contained:  water  11.4,  protein  36.5,  fat  0.8,  nitrogen-free 
extract  24.7,  fiber  19.9,  and  a.sh  6.7  per  cent. 

Oil.  Physical  and  Chemical  Valves. — Sprinkmeyer  and  Diedrichs  ^ 
report : 


Sp.  gr. 
15®  C. 

Refrac. 
index 
40°  C. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Ilehner 

No. 

Fatty 

acids, 

titer 

Acid 

No. 

Free 
acid  as 
oleic 

Expressed . 

Extracted . 

0.9300 

0.9264 

1.4639 

1.4621 

194.3 

196.8 

73.59 

74.51 

95.61 

95.55 

°C. 

39 

3.0 

38.9 

% 

0.85 

10.97 

The  following  values  are  given  for  the  Indian  sample  mentioned 
above:  specific  gravity  at  15°  C.  0.9208,  refractive  index  at  40°  C.  1.461, 
saponification  number  193.3,  iodine  number  78,  acid  number  9.3,  solid¬ 
ifying  point  of  fatty  acids  38°  C.,  soluble  volatile  acids  none,  insoluble 
volatile  acids  0.5  per  cent,  and  unsaponifiable  matter  1.0  per  cent. 


J  Loc.  cit. 


NUTS  OF  THE  LECYTHIA  FAMILY 


{Lecythidacex) 

Several  trees  of  this  family  yield  large  seeds  with  a  hard  shell  and 
reserve  material  in  the  greatly  enlarged  radicle.  The  Brazil  nut  {Ber- 
tholletia  nohilis  Miers)  and  the  paradise  nut  {Lecythis  zabucayo  Aubl.) 
are  produced  in  Brazil  in  large  quantities.  Both  agree  in  general  struc¬ 
ture  and  composition,  the  slight  differences  being  recorded  on  the  fol¬ 
lowing  pages.  • 

BRAZIL  NUT 

Bertholletia  nohilis  Miers. 

Fr.  Noix  du  Bresil.  Sp.  Nuez  de  Brazil.  It.  Noce  del  Brasile. 

Ger.  Paranuss.  ‘ 

Para  nut  and  castana  nut — the  latter  a  misnomer — are  other  names 
for  this  species.  According  to  Young, ^  B.  nohilis  Miers  not  B.  excelsa 
Humb.  et  BonoL,  as  formerly  believed,  yields  the  nut  of  commerce, 
although  the  nuts  of  other  species  are  of  edible  quality. 

The  large  tree  grows  along  the  rivers  of  Brazil,  producing  large  quan¬ 
tities  of  nuts  for  table  use  and  for  oil.  As  the  nuts  are  gathered  during 
the  northern  spring  they  deteriorate  if  kept  until  the  northern  winter. 

MACROSCOPIC  STRUCTURE  (Fig.  225,  II). — Nuts  of  this  genus 
are  true  seeds  borne  in  a  hollow,  dry  fruit  with  a  hard  endocarp,  closely 
resembling  that  of  a  cocoanut,  provided  at  the  tip  with  a  small  opening 
and  operculum.  The  ovary  is  four-celled  with*  two  rows  of  ovules  in 
each  cell  borne  on  central  placentae.  On  ripening,  the  division  walls 
break  down,  but  their  position  is  still  indicated  by  ridges  on  the  inner 
surface  of  the  shell.  The  nut  is  gray-brown,  transversely  wrinkled. 
Owing  to  crowding  it  is  commonly  triangular,  the  surfaces  in  contact 
with  each  other  being  flat  while  that  next  to  the  shell  is  rounded.  The 
raphe  extends  through  the  inner  edge  to  the  tip  where  two  main  branches 
extend  down  through  the  two  outer  edges.  Both  raphe  and  main 
branches  send  off  numerous  fine  branchlets  at  an  angle 

A  cross  section  shows  that  the  shell  (5)  has  an  outer  light  and  an  inner 
dark  coat.  At  the  angles  the  inner  coat  is  broadened  to  a  triangular 
issue  containing  the  raphe  (R)  or  its  main  branches  with  accompanying 

^  Pomona  J.  Econ.  Bot.  1911,  1  (3),  122. 
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tissues.  The  endosperm 


Fig.  236. — Hrazil  Nut.  Cross 
section.  S  spernioderni:  pal  pali¬ 
sade  cells,  hr  brown  layer.  E 
endosperm.  Radicle;  C\  cortex, 
y  procambiuni  tissue,  M  pith,  al^ 
aleurone  prains  in  turpentine,  al^ 
aleurone  prains  in  water.  X  160. 
(A.L.W.) 

Chief  Structural 
wrinkled.  Spermoderrn 
niphe  tissues  at  angles. 


is  thin.  Characteristic  of  the  group  is  the 
white  oily  radicle  (Ra),  forming  the  bulk  of 
the  seed,  the  cotyledons  being  so  minute  as 
ordinarily  to  escape  notice. 

MICROSCOPIC  STRUCTURE  (Fig. 
2i56).  Spermoderrn  {S). — Two  coats  are  pre¬ 
sent:  (1)  colorless  palisade  cells  (pal)  up  to  1 
mm.  or  more  high,  with  lumen  narrow  below 
and  expanded  at  the  outer  end,  and  (2)  brown 
cells  (hr) — the  color  being  due  to  cell  con¬ 
tents — through  which  at  the  angles  run  the 
raphe  and  its  branches. 

The  walls  of  the  palisade  cells  are  pierced 
by  numerous  irregular  branches  of  the  lumen. 

In  the  outer  layers  the  brown  cells  have 
moderately  thick  porous  walls.  Over  the 
raphe  bundles  at  the  angles  the  cell  walls  are 
strongly  thickened  and  colorless,  contrasting 
strongly  with  the  deep  brown  contents. - 

Numerous  spiral  vessels,  up  to  15  n  broad, 
with  one  or  two  strands,  characterize  the 
fibro-vascidar  bundles. 

Endosperm  (A’).— Two  to  three  layers  of 
cells  with  small  aleurone  grains  form  the 
endosperm.  The  outer  walls  and  outer  end 
of  the  radial  walls  are  thickened. 

Radicle. — Three  well-marked  zones,  all 
containing  aleurone  grains  and  fat,  are  evident 
in  cross  section:  (1)  cortex  (C)  of  rounded  cells 
and  small  intercellular  spaces,  (2)  procambium 
zone  {P)  of  small  polygonal  cells,  and  (3)  pith 
(M)  of  large  polygonal  cells. 

The  aleurone  grains  {al,^  al~)  of  the  Brazil 
nut  are  among  the  most  striking  recorded. 
They  are  largest  in  the  pith  (up  to  over  30  n), 
smallest  in  the  procambiurn  zone.  In  sec¬ 
tions  mounted  in  turpentine  or  in  glycerin- 
iodine  after  extraction  with  ether,  the  ground 
.substance,  a  sharply  defined  crystalloid,  and 
one  or  more  globoids  are  clearly  seen. 
Characters. — Nut  more  or  less  triangular, 
with  light  outer  and  brown  inner  coats; 
Kmbryo  largely  fleshy  radicle. 
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Spermoderm  of  palisade  cells  (1  mm.  or  more)  with  lumen  narrow 
below  and  expanded  at  outer  end,  and  brown  cells  with  sclerenchy- 
matized  walls  in  outer  layers.  Radicle  made  up  of  cortex,  procambium, 
and  pith;  aleurone  grains  (30  g)  with  ground  substance,  crystalloid, 

and  globoids. 

CHEMICAL  COMPOSITION— Analyses  of  the  kernel  by  Woods 
and  Merrill  ^  and  Jaffa  ^  of  nuts  shipped  to  the  United  States  from 
Brazil,  show  an  exceptionally  high  content  of  fat  plus  protein  and  a 
correspondingly  low  content  of  carbohydrates.  Results  on  protein  and 
fat  by  Kiihl  ^  are  somewhat  lower  but  this  may  be  due  to  a  higher  water 
content. 


Composition  of  Brazil  Nuts 


Refuse 

(shell) 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

Woods  and  Merrill: 

Kernel . 

(49.6) 

5.3 

17.0 

66.8 

7 

0 

3.9 

Whole  nut . 

49.6 

2.7 

8.6 

33.6 

3 

5 

2.0 

Jaffa: 

Kernel . 

(49 . 4) 

4.7 

17.4 

65.0 

5.7 

3.9 

3.3 

Kiihl: 

Kernel . 

16.2 

62.7 

Brazil  Nut  Shell. — An  analysis  of  the  shell,  made  by  Winton,  Ogden, 
and  Mitchell  at  a  time  when  ground  nut  shells  were  extensively  em¬ 
ployed  for  diluting  spices,  follows: 


% 

Water .  9.08 

Protein  (N  X  6.25) .  4.19 

Ether  extract,  Volatile .  0.07 

Ether  extract,  non-volatile .  0.57 

Alcohol  extract .  1.01 

Reducing  matters  * .  12.96 

Starch  by  diastase .  0.73 

Quercitannic  acid .  1 . 30  f 

Fiber .  50. 95 

Ash,  total .  1.59 

Ash,  water-soluble .  1  06 

Ash,  acid-insoluble .  0  17 

*  By  direct  inversion. 


t  Equivalent  to  0.33  per  cent  of  O  absorbed  by  aqueous  extract. 


*  Maine  Agr.  Exp.  Sta.  1899,  Bui.  64. 

-  U.  S.  Dept.  Agr.  1908,  Farm.  Bui.  332. 

*  Pharm.  Ztg.  1909,  64,  58. 

'Connecticut  Agr.  Exp.  Sta.  Rep.  1898,  p.  210. 
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Proteins. — The  globulin  and  principal  protein  of  the  Brazil  nut, 
later  named  excelsin  by  Osborne,  was  first  crystallized  from  an  extract 
of  the  nut  by  Maschked  Schmiedeberg,^  by  heating  a  solution  with 
magnesia  and  slowly  evaporating,  obtained  crystals  which  he  considered 
to  be  the  magnesium  salt  of  the  protein,  a  view  long  accepted  until 
Osborne  ^  prepared  much  more  perfect  crystals  by  simply  dialyzing  the 
faintly  acid  saline  solution  in  running  water.  These  crystals  were 
unquestionably  salts  of  the  globulin  with  the  acid  of  the  extract. 

Osborne’s  crystalline  preparations  agreed  in  composition  with  the 
globulin  obtained  earlier  by  Sachsse,'*  Ritthausen,^  and  Weyl,®  the 
last  named  being  a  pioneer  in  the  extraction  of  globulins  by  means  of  salt 
solution. 


The  Ultimate  Composition  of  Excelsin,  as  reported  by  the  authors 
named,  follows: 


Sachsse 

Ritthausen 

Weyl 

Osborne 

Carbon . 

% 

51.42 

7.31 

18.21 

1.37 

21.69 

% 

52.29 

7.24 

18.09 

1.32 

21.06 

% 

52.43 

7.12 

18.10 

0.55 

21.80 

% 

52.24 

6.95 

18.26 

1.08 

21.47 

Hydrogen . 

Nitrogen . 

Sulohur . 

Oxveen . 

100.00 

100.  (X) 

100.00 

100.00 

Amino  Acids  of  Excelsin— hydrolysis  Osborne  and  Clapp  ^ 
obtained  the  results  shown  on  the  following  page,  the  striking  feature 

being  the  high  content  of  arginine. 

Jones,  Gersdorff,  and  Moeller  ®  give  the  following  figures  for  cystine 

and  tryptophane  respectively:  1.84  and  2.59  per  cent. 

Nitrogen  Distribution  in  Groups— Tha  following  figures  are  by 
Osborne  and  Harris: basic  (diamino)  nitrogen  5.76,  non-basic  (mono¬ 
amino)  nitrogen  10.97,  nitrogen  in  magnesium  oxide  precipitate  (humin) 
0.17,  and  ammonia  nitrogen  1.48;  total  18.30  per  cent. 

ij.  prakt.  Chem.  1858,  74,  436;  Bot.  Z.  1859,  17,  409,  417,  429,  437. 

2  Z.  physiol.  Chem.  1877,  1,  205. 

2  Am.  Chem.  .1.  1892,  14,  662. 

^Sitzb.  natur.  Ges.  Ix'ipzig,  1876,  3,  23. 

®  Pfliiger’s  Archiv  1878,  16,  301. 

®  Z.  physiol.  Chem.  1877,  1,  72. 

^  Am.  J.  Physiol.  1907,  19,  53. 

8  J.  Biol.  Chem.  1924,  62,  183. 

®  J.  Am.  Chem.  Soc.  1903,  26,  323. 
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% 

Glycocoll .  0.60 

Alanine .  2.33 

Valine .  ^  51 

Leucine .  8.70 

Serine .  0.00 

Cystine .  0.00 

Aspartic  acid .  3.85 

Glutamic  acid .  12.94 

Tyrosine .  3.03 

Phenylalanine .  3.55 

Proline .  3.65 

Oxyproline .  0.00 

Tryptophane . present 

Arginine .  16.02 

Lysine .  1.64 

Histidine .  1.47 

Ammonia .  1.80 

61.09 


Oil. — Although  the  kernel  of  the  Brazil  nut  is  firm,  resembling  the 
cocoanut  flesh  in  physical  characters,  the  oil  is  liquid,  solidifying  at 
about  the  freezing  point  of  water.  It  is  expressed  in  small  quantities 
in  the  countries  of  origin  and  is  used  for  cooking  and  lighting.  The  cake 
must  have  high  feeding  value  but  no  analyses  are  available. 

Physical  and  Chemical  Values. — The  oil  resembles  cottonseed  and 
sesame  oils  in  its  characteristics.  The  following  range  of  values  is 
based  on  results  by  De  Negri  and  Fabris,i  Grimme.^  Merrill,^  and  Lew- 
kowitsch 


Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Maumene 

No. 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Fatty 

acids,  titer 

Min . 

0.918 

0.921 

1.4643 

1.4681 

50 

52 

193  . 
202 

90 

°C. 

Max . 

31 

107 

33 

Schuette,  Thomas,  and  Duthey  ^  determined  the  values  of  oil 
e.xpresscd  m  a  manual  press  without  refining  and  of  the  residual  oil 
extracted  by  low-boihng  point  petroleum  ether  with  results  as  follows- 
^  Chem.  Ztg.  1898,  28,  961. 

^  Chem.  Rev.  Fett-Harz-Ind.  1910,  17,  265. 

3  Maine  Agr.  Exp.  Sta.  1900,  Bui.  66. 

Chem.  Tech.  Anal.  Oils,  etc.  London,  1914,  2,  235. 

J.  Am.  Chem.  Soc.  1930,  62,  4114. 
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Values  of  Brazil  Nut  Oil  (Schuette  et  al.) 


Expressed  oil 

Residual  oil 

Sp.  gr.  25^/25° . 

0.9150 

0.9143 

Refractive  index  at  20®  C . 

1.4678 

1.4683 

Saponification  No . 

194.0 

198.0 

Iwline  No.  (Wijs.) . 

99.92 

95.21 

Reichert-Meissl  No . 

0.0 

0.31 

Polenske  No . 

0.0 

0.32 

Acetyl  No . 

12.3 

12.3 

Ester  No . 

193.9 

193.8 

Free  fatty  acids  (as  oleic) . 

0.006% 

0.02% 

Fatty  acids,  titer . 

33.3°  C. 

Soluble  acids  (as  butyric) . 

0.87% 

0.56% 

Insoluble  acids . 

94.16% 

93.88% 

Unsaturated  acids  (corrected).. 

73.0% 

70.10% 

Iodine  No . 

129.18 

127.92 

Saponification  No . 

199.6 

201.2 

Saturated  acids  (corrected) . . . . 

20.29% 

21.36% 

Unsjiponi liable  matter . 

0.64% 

0.68% 

Composilion. — In  addition  to  separating  the  saturated  and  unsat¬ 
urated  fatty  acids  by  the  lead  salt-ether  method,  Schuette,  Thomas, 
and  Duthey,  operating  with  the  residual  oil,  and  Schuette  and  Enz,' 
operating  with  the  expressed  oil,  estimated  the  percentages  of  the  indi¬ 
vidual  saturated  acids  by  the  methyl  ester  method' and  of  the  individual 
unsaturated  acids  by  the  bromine  addition  method  as  shown  in  the  table 

below :  _ 


Expressed 

Residual 

% 

0.48 

13.74 

5.45 

42.79 

26.54 

1  11.00 

% 

1.79 

13.55 

2.58 

55.64 

21.65 
/  0.68 

1  4.11 

IJ nsiiponiiutnit;  . . 

Residues  and  undetermined .  .  . 

100.00 

100.00 

1  Ibid.  1931,  63,  2756. 
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Lecythis  zabucayo  Aubl. 


Fr.  Noix  de  sapucaia.  It.  Noce  del  paradise.  Ger.  Sapucaja-Nuss. 


This  nut,  also  called  sapucaia  nut,  is  considered  superior  to  the 
Brazil  nut,  which  it  resembles.  The  tree  is  a  native  of  Brazil. 

MACROSCOPIC  STRUCTURE  (Fig.  225,  III). — Compared  with  the 
Brazil  nut,  the  nut  (4  to  8  cm.)  is  lighter  browm,  more  elongated,  and  less 
conspicuously  triangular,  and  is  further  characterized  by  marked  longi¬ 
tudinal  wrinkles.  The  raphe  extends  upward  through  a  ridge  to  the 
chalaza  at  the  apex,  then  splits  into  two  branches  which  in  turn  divide 
and  subdivide.  As  the  tissues  about  these  are  disorganized,  a  cross 
section  of  the  nut  shows  a  ring  of  cavities. 

MICROSCOPIC  STRUCTURE.  Spermoderm. — The  palisade  cells 
are  shorter  (200  to  300  y),  have  relatively  thinner  walls  (15  y),  and 
broader  lumen  (30  y)  than  those  of  the  Brazil  nut,  and  there  is  no  marked 
enlargement  of  the  lumen  at  the  outer  end.  In  color  the  walls  are  light 
brown,  whereas  in  the  Brazil  nut  they  are  colorless. 

The  brown  cells  are  dull  brown,  not  red-brown  as  in  the  Brazil  nut. 
Star-shaped  cells  with  long  arms  and  large  intercellular  spaces  are  con¬ 
spicuous.  As  stated  by  Young,i  large  crystal  rosettes  occur  in  the  inner 
layers. 

Groups  of  well-marked  stone  cells  are  lacking. 

Endosperm  and  Radicle.  Young  observed  that  only  one  cell  layer 
is  present  in  the  endosperm  but  that  the  cortex  of  the  radicle  is  thicker 
and  has  more  cell  layers  than  that  of  the  Brazil  nut.  The  aleurone 
grains  often  exceed  20  y  but  seldom  reach  30  y. 

Chief  Structural  Characters. — Nut  light  brown,  elongated, 
irregular  in  shape,  longitudinally  wrinkled.  ^ 

Palisade  cells  shorter  but  with  broader  lumen  than  in  Brazil  nut  and 

without  enlargement  at  the  outer  end;  brown  cells  dull  brown  often 

star-shaped  with  crystal  rosettes  in  the  inner  layers.  Endosperm  with 

only  one  cell  layer.  Radicle  with  thicker  cortex  but  smaller  aleurone 
grams  than  in  Brazil  nut. 


CHEMICAL  COMPOSITION.-The  nut  has  practically  the  sam. 
cppchon  as  the  Brazil  nut  as  shown  by  the  followii  analysis 
of  he  kernel  g.ven  by  Jaffa  in  his  bulletin  on  Nuts  and  Theu 


‘  U.  S.  Dept.  Agr.,  Bur.  Chem.  1912,  Bui.  160,  30. 
U.  iS.  Dept.  Agr.  1908,  Farm.  Bui.  332. 
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Composition  of  Kernel  of  Paradise  Nut  (Jaffa) 


Shell  * 

Water 

Protein 

Fat 

N-f.  ext. 

Ash 

% 

% 

% 

% 

% 

% 

45.7 

2.3 

22.2 

02.0 

10.2 

2.7 

*  In  whole  nut. 


Oil.  Physical  and  Chemical  Values. — The  only  available  data  on 
the  characteristics  of  the  oil  are  those  by  De  Nesri  ^  as  follows:  specific 
gravity  at  15°  C.  0.895,  refractive  index  at  25°  C.  (recalculated)  1.4631 
to  1.4G33,  solidifying  point  4°  C.,  saponification  number  173.6,  iodine 
number  71.6,  acetyl  number  44.1,  acid  as  oleic  3.19,  solidifying  point  of 
fatty  acids  28.5°  C.,  and  iodine  number  of  fatty  acids  72.3. 


iChem.  Ztg.  1898,  22,  901. 


WEED  SEEDS  OF  THE  PARSLEY  FAMILY 


(Umhelliferse)  • 

Wild  carrot  seed  is  the  only  representative  described  in  this  volume. 
It  is  analogous  in  structure  to  the  umbelliferous  seeds  used  as  spices  and 
those  of  the  garden  vegetables  grown  for  their  roots. 


WILD  CARROT  SEED 


Daucus  Carota  L. 


Fr.  Carotte.  Ger.  Wilde  Mohre. 


The  wild  form  of  the  carrot  is  a  troublesome  weed  bearing  umbels 
of  white  flowers,  each  with  a  single  red-brown  flower  in  the  center. 
Characters  of  the  family  are  described  under  Seeds  of  the  Parsley 
Family  (Volume  III). 

MACROSCOPIC  STRUCTURE  (Fig.  237). — Each  of  the  two  meri- 
carps  has  five  main  ribs,  the  three  on  the  dorsal  side  with  short  hairs, 


Fig.  238. 

X8.  Right:  above, 


Fig.  237. 

Fig.  237.  Wild  Carrot.  Mericarp.  Left:  cross  section, 
longitudinal  section,  X4;  below,  dorsal  view,  X2.  (A.L.W.) 

Fig.  238.— Wild  Carrot.  I  bristle  (emergence  with  terminal  hair)  from  a 
(aT^^)^  ''  '  primary  dorsal  rib.  X160. 


and  four  secondary  ribs  with  long  bristles.  Bundles  occur  beneath  each 
of  the  five  mam  ribs;  oil  ducts  occur  beneath  each  of  the  four  secondary 
ribs  and  two  on  the  commissural  side,  total  of  six. 
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microscopic  structure. — Harz/  Kondo,^  and  others  inter¬ 
ested  in  seeds  for  planting  have  studied  the  microscopic  structure. 

Bristles  (emergences)  and  hairs  are  the  conspicuous  elements.  The 
bristles  (Fig.  238,  1)  consist  of  bundles  of  elongated  cells  ending  in  a 
short,  thick-walled,  terminal  hair,  often  3  mm.  long.  The  hairs  (Fig. 
238,  II,  III)  are  unicellular,  pointed,  thick-walled,  and  warty,  reaching 
300  fj.  in  length. 

In  cross  section  the  four  oil  ducts  beneath  the  secondary  ribs  are 
triangular,  the  two  on  the  commissural  side  elliptical. 

Chief  Structuual  Characters. — Fruit  with  hairs  on  main  ribs  and 
bristles  (3  mm.)  on  secondary  ribs.  Oil  ducts  six. 

CHEMICAL  COMPOSITION. — No  proximate  analysis  of  the  fruit 
is  available  but  the  composition  is  doubtless  analogous  to  that  of  other 
umbelliferous  fruits,  both  non-volatile  (fixed)  and  volatile  (es.sential) 
oils  being  present  in  considerable  amount. 

Fixed  Oil. — Seed  extracted  with  petroleum  ether  yields  a  non¬ 
drying  fatty  oil  with  a  bitter  taste,  due,  according  to  Reeb,^  to  daucusin, 
a  glucoside  which  he  isolated  as  a  yellow,  non-hygroscopic  powder 
soluble  in  95  per  cent  alcohol. 

Volatile  Oil.  Physical  and  Chemical  Values. — According  to  Richter,-* 
the  volatile  oil  has  a  characteristic  odor,  bitter  taste,  and  the  following 
values:  specific  gravity  at  15°  C.  0.9439,  specific  rotation  at  15°  C. 
—  13.38°,  saponification  number  20.26,  ester  number  18.22,  and  acid 
number  204  (isobutyric  and  palmitic  acids,  0.84  per  cent).  Quite  differ¬ 
ent  values  were  found  by  Asahina  and  Tsukamoto,^  namely,  specific 
gravity  at  22°  C.  0.9088,  specific  rotation  at  20°  C.  —5.98°,  saponifica¬ 
tion  number  74.08,  and  acid  number  0. 

Constituents.— According  to  Richter,-*  the  oil  contains  large  amounts 
of  sesquiterpenes,  7  to  9  per  cent  of  esters,  14  per  cent  of  d-pmene  and 
/-limonene,  an  aldehyde,  and  daucol  (C15H26O2)  obtained  as  lustrous 

needles  melting  at  115  to  116°  C. 

Asahina  and  Tsukamoto  ^  were  unable  to  isolate  daucol  but  found  a 
sesquiterpene,  carotol  (C,r>H260),  an<l,  by  the  oxidation  of  the  higher 
fractions,  a  crystalline  substance  (C15H28O3)  of  which  daucol  is  the 

anhydride. 

1  Samenkunde.  Berlin,  1885,  p.  1053. 

*  B.  Ohara  Inst,  landw.  Forsch.  1919,  1,  410. 

3  J.  pharm.  Alsace- Ix)rraine  1923,  60,  13. 

*  Arch.  Pharm.  1909,  247,  391. 

3  J,  Pharm.  Soc.  Japan  1925,  626,  961. 


FRUIT  OF  THE  OLIVE  FAMILY 


{Olearacese) 

This  family  with  numerous  ornamental  shrubs,  such  as  ?  the  lilac, 
jasmine,  forsythia,  and  privet,  also  species  of  ash  valuable  for  timber, 
includes  only  one  species  of  considerable  imj)ortance  as  a  food  the  olive. 

OLIVE 

Olea  europaea  L. 

Fr.  Olive.  Sp.  Olivo.  It.  Uliva.  Ger.  Olive. 

Of  the  few  economic  fruits  that  have  an  oily  fruit  flesh,  the  olive  is 
unmistakably  the  most  valuable.  Others  described  in  this  treatise  are 
the  oil  palm,  the  Chinese  olive,  and  the  avocado. 

In  the  eastern  Mediterranean  region  where  it  is  native  the  olive  tree 
has  been  cultivated  since  prehistoric  times.  For  centuries  olives  and 
olive  oil  have  been  among  the  most  important  products  of  Italy,  south¬ 
ern  France,  Spain,  Greece,  and  northern  Africa.  California,  Mexico, 
Chile,  and  Peru  now  produce  olives  in  large  quantities. 

The  olive  is  remarkable  for  its  longevity,  the  skeletonized  trunks  of 
still  living  trees  forming  picturesque  objects  in  subtropical  landscapes. 

Olive  pomace  has  value  as  a  cattle  food,  but  the  stones  have  no 
legitimate  use  in  food,  the  addition  of  ground  olive  stones  to  white  pepper 
being  a  fraud  which  European  food  analysts  are  continually  combating. 
Both  green  (immature)  and  ripe  olives  are  salted,  the  process  in  the 
latter  case  involving  treatment  with  lye  to  remove  the  bitter  principles. 

MACROSCOPIC  STRUCTURE. — Olives  vary,  according  to  variety, 
from  oval  to  nearly  round  and  in  color  from  green  or  white,  through 
shades  of  blue,  purple,  and  red  to  black.  The  f  ruit  is  a  drupe,  the  hard 
elongated  stone  consisting  of  endocarp  and  a  single  seed,  one  of  the  two 
ovules  of  the  two-celled  ovary  being  abortive.  The  seed  is  anatropous, 
suspended  in  the  fruit  cavity.  It  has  a  thin  spermoderm  and  an 
elongated  embryo  embedded,  with  radicle  directed  upward,  in  the  endo¬ 
sperm.  The  cotyledons  are  narrow,  several  times  the  length  of  the 
radicle. 

MICROSCOPIC  STRUCTURE.— Because  of  the  adulteration  of 
pepper  with  olive  stones,  several  authors  have  described  the  structure 
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of  the  endocarp  and  seed  and  various  staining  tests  have  been  devised 
to  distinguish  the  stone  cells  from  those  normally  present  in  pepper. 
These  tests  seem  superfluous  to  one  familiar  with  the  tissues. 

The  writers  in  this  and  previous  works  have  not  overlooked  the  part 
of  the  fruit  where  the  real  food  matter  is  located. 

Pericarp.— A  cross  section  (Fig.  239)  through  the  flesh  .(outer  peri¬ 
carp)  of  a  firm  but  mature  fresh  olive  shows  three  tissues:  (1)  epicarp 
(Fig.  239,  epi;  Fig.  240)  of  cells  about  25  IJ,  in  diameter  with  greatly 
thickened  outer  and  radial  walls;  (2)  hypoderm  (Jiy)  of  several  layers 
of  flattened  cells  with  moderately  thick  walls,  and  (3)  mesocarp  of 

thin- walled  oil  parenchyma  (ol),  the 
cells  ranging  from  isodiametric  in  - 
the  outer  portion  to  radially  elon¬ 
gated  in  the  inner  portion,  interspersed 
with  grotesque,  thick-walled  stone 
cells  (st). 


Fig.  239.  Fig.  240. 

Fig.  239.— Olive.  Outer  pericarp  in  cross  section,  epi  epicarp;  hy  hypoderm; 
o/ oil  parenchyma;  s<  stone  cells.  XlOO.  (K.B.W  .) 

Fig.  240. — Olive.  Epicarp  in  surface  view.  X160.  (K.B.W.) 


Oil  occurs  throughout  the  outer  pericarp  or  fruit  flesh,  being  espe¬ 
cially  noticeable  in  the  larger  cells  where  it  forms  large  and  small  drops. 
Mounted  in  a  fat  solvent,  such  as  kerosene  oil,  minute  granules  remain 

which  deserve  further  study. 

The  stone  cells,  occurring  singly  or  in  small  groups,  are  remarkab  e 
for  the  endle.ss  variety  of  curious  forms  with  branching  outgrowths. 
They  apparently  vary  considerably  in  number  in  different  varieties^ 
Like  the  adjoining  thin-walled  cells  they  show  a  tendency  to  radial 

'''"'rh^ndocarp  (Fig.  241,  F)  consists  of  three  layers:  (1)  outer  stone 
cells  (St'),  which  are  large,  isodiametric  or  transversely  elongated,  often 
iWth  a  large  lumen,  (2)  inner  stone  cells  which  are  narrow  and 


transversely  elongated,  and  (3)  parenchyma  (p^)  more  or  less  com¬ 
pressed. 

The  stone  cells  are  remarkably  colorless  as  are  also  the  contents  if 


present. 

Spermoderm  (Fig.  241,  S]  Fig.  242). — Cross  sections  show:  (1) 
outer  eyiderm  {aep  of  large  cells,  often  tangentially  elongated,  with 
greatly  swollen  outer  and  radial  walls,  (2)  parenchyma  (p^),  the  cells 

varying  from  polygonal  to  circular  and 
containing  small  crystals,  and  (3)  inner 
epiderm  which  together  with  the  adjoin¬ 
ing  parenchyma  is  more  or  less  com- 
'  pressed. 

In  surface  viev/  the' outer  epiderm  is 
remarkable  for  the  size  of  the  cells  and 
the  swollen,  often  porous  walls. 

Endosperm  (Fig.  241,  E]  Fig.  242). — 


Fig.  241. — Olive.  Stone  in  cross 
section.  F  endocarp:  sO,  sfi  stone 
cells,  pi  parenchyma.  S  spermoderm: 
aepi  outer  epiderm,  p2  parenchyma 
with  crystals  and  vascular  bundle. 
E  endosperm:  aep2  outer  epiderm, 
p3  oil  parenchyma,  pi  collapsed  par¬ 
enchyma.  C  cotyledon.  X 160. 
(K.B.W.) 


Fig.  242. — Olive.  Seed  elements  in  surface  view. 
Spermoderm;  aepi  outer  epiderm,  p2  parenchyma. 
Endosperm;  aep2  outer  epiderm.  X  160.  (K.B.W.) 

Seen  in  cross  section  there  are  at  least 
three  distinct  tissue  zones:  (1)  outer  epi¬ 
derm  {aep^)  of  porous  cells  with  thick 


.  ,  o^ter  walls,  (2)  parenchyma  (p^)  of  large 

cel  s  with  straight  walls  of  medium  thickness,  and  (3)  compressed  thin- 
walled  parenchyma  {p'^). 

In  addition  to  oil  drops  the  parenchyma  contains  aleurone  grains 


nil  (Fig-  241,  C)  are  made  up  of  small  cells  containino- 

Oil  and  small  aleurone  grains  (10  /x). 

.  Chief  Structural  CHABACTERs.-Fruit  oval  or  round,  variously 
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colored.  Outer  pericarp  oily;  inner  pericarp  hard.  Spermoderm  thin, 
endosperm  with  embryo  in  axis. 

Outer  pericarp  with  oil  cells  and  grotesque  stone  cells;  endocarp  of 
large  isodiametric  or  elongated  stone  cells  and  narrow,  tangentially  much 
elongated  stone  cells.  Spermoderm  of  large  outer  epidermal  cells 
with  swollen  walls  and  parenchyma  containing  crystals.  Endosperm 
containing  oil  and  aleurone  grains  (20  /u);  outer  epiderm  porous. 
Cotyledon  cells  small,  containing  oil  and  small  aleurone  grains  (10  n). 

CHEMICAL  COMPOSITION. — Colby  ^  states  that  during  the  eight 
years  ending  January  1,  1899,  over  740  samples  of  olives  were  examined 
at  the  California  Station  with  respect  to  size,  ratio  of  pit  to  flesh,  and 
oil  content  of  flesh  and  pit.  The  olives  appear  to  have  been  gathered 
when  ripe,  at  a  time  suited  for  oil  manufacture  or  pickling.  Nine  of 
the  varieties  examined  were  classed  as  “  fully  tested  ”  and  48  as  “  not 
fully  tested.”  The  average  analysis  of  each  of  the  9  fully  tested  varieties 
and  of  8  of  the  others,  selected  to  represent  the  extreme  results,  appears 
in  the  table  on  the  following  page. 

This  table  does  not  show  the  full  range  in  size  or  composition. 
Of  the  420  samples  examined  up  to  1897  ^  the  number  of  olives  in  100 
grams  ranged  from  11  to  132,  the  available  flesh  from  60  to  90  per  cent, 
the  oil  in  the  whole  fruit  from  5  to  35  per  cent  (to  29  in  the  leading 
varieties),  and  the  oil  in  the  flesh  from  7  to  47  per  cent  (to  36  in  the  lead¬ 
ing  varieties). 

Hilts  and  Hollingshead  ^  consider  that  the  percentage  of  oil  in  the 
fruit  flesh  is  the  best  index  of  maturity.  If  a  minimum  of  17  per  cent 
for  Mission  olives  and  15  per  cent  for  Manzanillo  olives  is  adopted,  the 
temptation  to  color  green  fruit  in  imitation  of  ripe  will  be  removed. 
Large-fruited  olives,  such  as  Ascolano  and  Sevillano,  must,  however,  be 
gathered  when  more  immature. 

Pickled  Olives. — Although  the  bitterness  of  the  fruit  may  be  removed 
by  long  preliminary  soaking  with  frequent  change  of  water  and  the 
product  thus  obtained  is  of  superior  quality,  treatment  with  1.6  to  2^0 
per  cent  lye  is  the  only  method  practiced  on  a  commercial  scale.  1  he 
alkaline  solution  and  the  subsequent  washing  remove,  in  addition  to 
bitter  principles,  proteins  and  certain  other  organic  and  inorganic  con¬ 
stituents.  The  brine  added  after  removal  of  the  lye  is  also  a  protein 
solvent  Cruess  recommends  for  Manzanillo,  Mission,  and  Barouni 
varieties  11  per  cent  brine,  reduced  to  7.5  per  cent  after  fermentation, 

1  California  Agr.  Exp.  Sta.  1899,  Bui.  123. 

2  California  Agr.  Exp.  Sta.  Rep.  1895/7,  p.  193. 

3  U.  S.  Dept.  Agr.,  Bur.  Chem.  1920,  Bui.  803. 

4  California  Agr.  Exp.  Sta.  1930,  Bui.  498. 
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Averages  by  Varieties  of  Fresh  Ripe  California  Olives  (Colby) 

 I 


Variety 

Samples 

Olives 

per 

100  grams 

Pit 

Oil 

in  whole 
fruit 

Oil 

in 

flesh 

Oil 

in 

pit  * 

% 

% 

% 

% 

Fully  tested: 

22.51 

0.61 

Mission . 

112 

50.7 

17.2 

17.56 

Nevadillo  Blanco . 

57 

71.4 

17.3 

19.21 

22.92 

0.99 

Manzanillo . 

38 

48.4 

14.7 

16.94 

19.73 

0.55 

Redding  Picholine . 

42 

180.8 

23.0 

16.18 

20.83 

1.52 

Uvaria . 

29 

93.1 

25.5 

13.71 

18.51 

1.07 

Rubra . 

35 

89.0 

17.9 

18.58 

22.01 

0.75 

Oblonga . 

32 

81.4 

18.7 

13.34 

15.68 

0.85 

Columbella . 

25 

52.0 

16.6 

15.59 

19.54 

0.60 

Pendulina . 

22 

71.0 

13.7 

18.63 

21.36 

0.96 

Not  fully  tested: 

Morchiaio . 

4 

108.1 

23.0 

29.34 

37.99 

0.36 

Moraiolo . 

3 

151.3 

33.0 

21.74 

32.22 

1.45 

Mignolo . 

1 

103.1 

12.0 

16.50 

18.70 

Ascolano . 

5 

27.5 

12.0 

16.26 

18.45 

0.57 

Obliza . 

5 

47.8 

14.6 

11.23 

13.42 

0.37 

Huff’s  Spanish . 

2 

193.3 

25.0 

16.50 

21.99 

0.99 

“Queen” . 

2 

63.6 

24.0 

27.67 

36.30 

Sevillano . 

2 

16.4 

14.5 

17.23 

20.19 

0.40 

*  Per  cent  of  whole  fruit. 


and  for  Sevillano  and  Ascelano  varieties  5  per  cent  brine,  gradually 
raised  to  7  to  8  per  cent.  Small  quantities  of  acetic  or  lactic  acid  and 
glucose  hasten  the  fermentation. 

Sterilization  of  pickled  olives  at  240°  F.  (114°  C.)  has  become  neces¬ 
sary  in  order  to  destroy  the  deadly  Bacillus  hotulinus.  To  avoid  the 
development  of  a  bitter  or  scorched  flavor  Cruess  ^  recommends  thorough 
treatment  with  lye  of  at  least  1  per  cent  strength,  complete  removal  of 
the  lye,  soaking  in  8  to  9  per  cent  brine  4  to  6  days,  and  canning  in  2  to 
2.5  per  cent  brine. 

Pickled  ripe  olives  are  preferred  by  nutritionists  and  epicures. 
Bioletti,2  who  describes  the  different  processes,  states  that  they  con¬ 
stitute  an  extremely  nutritious  and  digestible  form  of  food.  They  con¬ 
tain  a  large  amount  of  oil,  carbohydrates  and  some  nitrogenous  matter, 
and  m  some  countries  replace  meat  to  a  certain  extent.  Pickled  green 
oives  such  as  those  imported  from  Spain  are  on  the  contrary  indi- 

'  Ibid.  Rep.  1920,  p.  48;  1921,  Bui.  333. 

*  California  Agr.  Exp.  Sta.  1899,  Bui.  123,  1, 
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gostible  and  contain  much  less  nutrient.  They  are  made  from  unripe 
fruit  and  are  therefore,  as  far  as  their  use  for  food  is  concerned,  in  no  way 
superior  to  unripe  apples  or  peaches.” 

The  following  table,  prepared  by  Jaffa,  is  given  by  Bioletti  to  illus¬ 
trate  the  superiority  of  the  ripe  pickles; 


Composition  of  Edible  Paut  of  Pickled  Olives  (Jaffa) 


Water 

Oil 

Carbo¬ 

hydrates 

Other 

matter 

Ripe,  from  California: 

% 

% 

% 

% 

Medium-sized  Mission  I . 

64.72 

25.89 

4.28 

5.11 

Medium-sized  Mission  II . 

65.45 

25.15 

3.22 

6.18 

Larger,  watery  Mission . 

72.77 

18.81 

2.49 

5.93 

Green,  “Queen”  from  Spain . 

78.41 

12.90 

1.78 

6.91 

The  proximate  composition  of  the  edible  part  of  4  samples  of  ripe 
and  1  of  green  olives  has  been  determined  by  Stathopoulos  ^  and  of  1 
sample  each  of  green  and  ripe  olives  has  been  reported  by  Atwater  and 
Bryant. 2  In  the  former  case  it  was  necessary  to  calculate  the  percent¬ 
ages  of  protein  and  nitrogen-free  extract  from  the  data  given  in  the  paper. 


Stathopoulos; 

Green . 

Ripe 

Min . 

Max. .  .  . 

A.  and  B.: 

Green . 

Ripe . 


Composition  of  Edible  Part  of  Pickled  Olives 


SheU  ♦ 

Ker¬ 
nel  * 

Flesh  * 

Water 

Pro¬ 

tein 

Fat 

N-f. 

ext. 

Fiber 

Ash 

Salt 

P2O5 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

6.2 

16.3 

77.5 

67.96 

1.56 

15.26 

3.97 

1.05 

10.20 

9.92 

0.04 

5.3 

20.0 

67.8 

34 . 50 

1.44 

23.31 

12.41 

2.99 

3.14 

0.20 

0.002 

9.  1 

24.3 

70.8 

51.81 

3.94 

30.99 

20.51 

5.42 

r - ^ 

10.14 

10.08 

0.08 

27 

.0 

73.0 

58.0 

1.1 

27.6 

11 

.6 

1.7 

•  •  •  • 

19 

.0 

81.0 

64.7 

1.7 

25.9 

4 

.3 

3.4 

*  In  whole  fruit. 


Oil  — As  noted  above,  the  oil  is  chiefly  in  the  fruit  flesh  (inesocarp) 
from  which  is  expressed  the  oil  of  commerce.  Heing  the  most  esteemed 
and  highest  priced  of  the  salad  oils,  its  purity  has  been  carefully  guarded 
by  production  and  control  analysts.  The  great  bulk  of  the  analyses. 


1  Chem.  Umschau  1925,  32,  73. 

*  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1906,  Bui.  28  rev. 
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however,  have  been  made  on  oils  of  uncertain  origin  and  purity  and 
hence  are  of  only  temporary  value. 

The  small  amount  of  oil  in  the  kernel  of  the  pit  resembles  that  of  the 
flesh  but  when  prepared  from  the  pomace  the  oil  is  often  of  a  low  grade 
unsuited  for  food. 

Physical  and  Chemical  Values  are  invaluable  when  the  question  of 
purity  is  involved  and  also  serve  a  still  more  important  purpose  as 
indexes  of  grade  and  uniformity. 

The  following  summaries  of  values  by  Miintz,  Durand,  and  Milliau,i 
Colby, 2  De  Negri  and  Frabris  ^  and  Tolman  and  Munson,'^  are  from 
Tolman  and  Munson’s  bulletin: 


Values  of  Authentic  Olive  Oil  (Muntz,  Durand,  and  Milliau) 


Samples 

Sp.  gr. 
15.5°  C. 

Maumene 

No. 

Iodine 

No. 

(Hiibl) 

Fatty 
acids, 
m.  pt. 

Fatty 

acids, 

titer 

°C. 

°C. 

France: 

7 

Min . 

0.9154 

30.0 

83.5 

24.0 

22.5 

Max . 

0.9168 

35  0 

84  1 

25  0 

24.0 

Spain : 

Min . 

0  9160 

30  0 

83  8 

24  0 

22  0 

Max . 

0  9160 

35.0 

83.8 

24.0 

22.0 

Portugal : 

.. 

Min . 

0  9167 

30  0 

84  1 

24  5 

23  5 

Max . 

0.9167 

35.0 

84.1 

24.5 

Greece ; 

iuO  .  o 

/ 

Min . 

0  9160 

30  0 

84  3 

0 

93 

Max . 

0.9160 

35.0 

84.3 

25.0 

.  o 

23.5 

Turkey: 

.  • 

Min . 

0.9162 

30.0 

84.1 

24.5 

23.0 

Max . 

0.9162 

35.0 

84.1 

24.5 

23.0 

Levant: 

Min . 

0.9165 

30.0 

83.5 

24  5 

23.0 

Max . 

0.9165 

35.0 

83.5 

24.5 

23  0 

Africa: 

4 

Min . 

0.9169 

30.0 

84.1 

24.0 

22.5 

Max . 

Tunis: 

15 

0.9172 

35.0 

84.5 

26.0 

24.5 

Min . 

0.9150 

81.4 

24.0 

22.5 

Max . 

0.9182 

85.2 

27.0 

25.0 

1  Bui.  Ministere  Agr.  1895,  139. 

2  California  Agr.  Exp.  Sta.  Rep.  1897-98,  p.  165. 

3  Ann.  Lab.  chim.  centr.  Gabelle,  2,  Gli  Olii  II,  114, 
*  U.  S.  Dept.  Agr.,  Bur.  Chem.  1903,  Bui.  77.  ’ 
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The  following  is  the  range  of  values  of  California  olive  oil  as  given  by 
Colby  specific  gravity  at  15.5°  C.  0.9140  to  0.9185,  refractive  index  at 
15.5°  C.  1.4689  to  1.4717,  saponification  number  187.0  to  193.5,  iodine 

number  (Hubl)  77.7  to  93.5,  and  melting  point  of  fatty  acids  21  0  to 
26.0°  C. 

It  should  be  noted  that  the  iodine  number  of  the  California  product, 
as  determined  by  Colby,  is  well  above  the  limit  usually  placed  for  gen¬ 
uine  olive  oil.  It  appears,  however,  that  the  oil  of  that  state  is  not  the 
only  exception  to  the  rule,  lor  4  homson  and  Dunlop  ^  obtained  an  iodine 
number  of  93.67  in  oil  from  the  Punjab,  and  Archbutt  ^  found  as  high  as 
94.7  in  4  unisian  oil  and  over  90  in  several  samples  of  Algerian  oil.^ 

4olman  and  Munson  (see  table  below)  obtained  their  samples  of 
Italian  olive  oils  through  Dr.  V.  \411avecchia,  of  the  Custom  House, 
Rome,  a  recognized  authority  on  olive  oils,  and  from  Giacomo  Dellapaine 
fu  Andrea,  of  Genoa^  Some  of  their  samples  of  California  oils  were 
from  the  California  Experiment  Station,  and  some  (accompanied  by 
affidavits)  from  reputable  producers. 


Values  of  Authentic  Olive  Oil  (Tolman  and  Munson) 


Samples 

Sp.  gr. 
1,5.5®  C. 

Refrac¬ 
tive 
index 
15.5®  C. 

Mau- 

men6 

No. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

(Hubl) 

Fatty 
acids, 
m.  pt. 

Fatty 

acids, 

solid 

Fatty 

acids, 

litjuid 

Fatty 

acids, 

free 

®C. 

% 

I  No. 

% 

Italy: 

18 

Min . 

•  •  •  •  • 

0.91.55 

1 . 470.5 

39.6 

189.6 

79.2 

21.6 

5.01 

89.8 

0.57 

Max . 

. 

0.9180 

1.4713 

49. 1 

192.0 

86.1 

29.3 

17.72 

98.4 

2.79 

Aver . 

•  •  •  •  • 

0.9163 

1.4709 

44.9 

190.9 

81.6 

25.5 

10  50 

94.0 

1.11 

California: 

39 

Min . 

. 

0.9162 

1 . 4703 

38.0 

189.3 

78.5 

19.2 

2.02 

88.9 

0.20 

Max . 

0.9180 

1.4718 

52.  1 

194.4 

89.8 

31.0 

12.96 

96.6 

44.40* 

Aver . 

. 

0.9170 

1.4713 

46  9 

190  9 

85.3 

22.9 

5.86 

92  8 

1.20 

*  Not  includ«*d  in  average. 


44ie  following  values  were  obtained  by  Jamieson  and  Baughman  ^ 
in  the  C’alifornia  olive  oil  as  part  of  the  data  from  which  they  calculated 
its  composition  as  given  below:  specific  gravity,  25°/ 25°,  0.9119;  refrac¬ 
tive  index  at  20°  C.  1.4690;  saponification  number  190;  iodine  number 
(Hanus)  85.1;  acid  number  1.5;  acetyl  niwnber  11.2;  saturated  acids 

'  Analyst,  HMIO,  31,  282. 

2  J.  Soc.  Chem.  Ind.  1907,  26,  453,  1185. 

^  See  Ivewkowitseh :  Chem.  Tech.  Anal.  Oils,  etc.  London,  1914,  2,  p.  359. 

M.  Oil  Fat  Ind.  1925,  2,  40. 
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Values  of  Authentic  Olive  Oil  (De  Negri  and  Fabris) 


Samples 

Sp.  gr. 
15.5°  C. 

Maumene 

No. 

Saponifica¬ 
tion  No. 

Iodine  No. 
(Hubl) 

Green  fruit: 

]yiin  . 

18 

0.9160 

32.0 

187.9 

79.1 

Max  . 

0.9180 

36.5 

192.2 

88.3 

Ripe  fruit: 

Min  . 

17 

0.9145 

33.0 

185.0 

81.1 

Mnv  . 

0.9178 

36.5 

192.0 

89.8 

Various  sources: 

Min  . 

53 

0.9160 

32.0 

188.8 

79.0 

Max . 

0.9180 

37.0 

192.3 

87.1 

9.7  per  cent  (iodine  number  7.5);  unsaturated  acids  plus  unsaponifiable 
matter  85.6  per  cent  (iodine  number  95.7);  unsaturated  acids,  iodine 
number  94.8;  saturated  acids,  corrected,  8.9  per  cent;  and  unsaturated 
acids,  corrected,  85.2  per  cent. 

Taufel  and  Sarria^  report  the  following  values:  specific  gravity  at 
18.5°  C.  0.914,  oleorefractometer  reading  at  25°  C.  61.9  (refractive  index 
1.4672),  saponification  number  192.6,  iodine  number  82.7,  Reichert- 
Meissl  number  0.13,  Hehner  number  95,  melting  point  of  fatty  acids 
28.2°,  and  acid  number  0.62.  The  calculated  glycerides  of  the  fatty 
acids  appear  in  the  table  below. 

Composition  of  Olive  Oil. — The  following  table  contains  the  percent¬ 
ages  of  the  different  glycerides  as  obtained  by  Jamieson  and  Baughman  ^ 
in  California  olive  oil,  as  obtained  by  Baughman  and  Jamieson  ^  in 
Italian  olive  oil  of  the  Bitonto  type,  and  as  calculated  by  the  writers 
from  the  percentages  of  the  fatty  acids  given  by  Taufel  and  Sarria^ 
in  Spanish  olive  oil.  Taufel  and  Sarria  found  in  the  Spanish  oil  trio¬ 
lein  and  a-palmitodiolein  but  no  arachidic  acid. 

Qualitative  Reactions.  A  lack  of  characteristic  color  tests  for  olive 
oil  is  not  so  great  a  misfortune  as  would  be  the  lack  of  such  tests  as 
Halphen's  and  Bechi’s  for  cottonseed  oil,  Baudouin’s  for  sesame  oil, 
and  Renard’s  for  peanut  oil,  which  are  invaluable  in  detecting  these 
cheaper  oils  in  commercial  olive  oil.  It  must  not,  however,  be  forgotten 
that  on  the  one  hand  skilful  treatment  of  these  oils,  such  as  heating 
cottonseed  oil,  may  render  them  inert  to  the  tests  and  on  the  other  hand 

^  An.  soc.  espan.  fis.  quim.  1926,.  24,  25. 

^  Loc.  cit. 

J.  Oil  &  Fat  Ind.  1925,  2,  110. 
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Composition  of  Olive  Oil 

California 

Italian 

Spanish 

Jamieson  and 

Baughman  and 

Tiiufel  and 

Baughman 

Jamieson 

Sarria 

% 

% 

% 

Glyceritles  of : 

\ 

Arachidic  acid . 

0.1 

0.2 

none  ! 

Stearic  acid . 

2.3 

2.0 

2.37  { 

Palmitic  acid . 

G.9 

9.2 

7.90  < 

Myristic  acid . 

trace 

trace 

Oleic  acid . 

84.4 

83.1 

87.72 

Linolic  acid . 

4.0 

3.9 

0.53 

Unsaponifiable  matter . 

1.0 

1.1 

0.79 

99.3 

99.5 

99.31 

genuine  olive  oil  from  certain  regions  may  occasionally  give  misleading 
color  reactions.  F or  example,  Tunisian  olive  oil  at  times  responds  to  the 
Baudouin  test  and  pure  olive  oil  from  various  regions  may  reduce  silver 
to  a  slight  extent  when  submitted  to  the  Bechi  test.  In  applying 
Renard’s  test,  allowance  must  be  made  for  the  small  amount  of  arachidic 
acid  now  known  to  be  present  sometimes,  if  not  always,  in  olive  oil. 

Oleonol. — Unlike  oil  seeds  the  unripe  olive,  as  examined  by  Scurti 
and  Tommasi,^  does  not  appear  to  contain  a  considerable  amount  of, 
carbohydrate  which  passes  into  reserve  fat.  The  fat  is  more  probably 
a  waste  product.  The  immature  rnesocarp  contains  a  waxy  alcohol,' 
oleonol  (C31H50O3),  previously  discovered  by  Canzoneri^  in  the  leaves. 
It  is  believed  that  on  ripening  this  passes  into  fatty  acids  and  the  latter, 
in  turn  pass  completely  into  neutral  fat. 

Glucosides— Ofcwropem,  a  bitter  glucoside  discovered  by  Bourquelot’ 
and  Vintilesco,^  is  an  amorphous,  yellow  powder,  soluble  in  cold  water. 
The  solution  is  colored  yellow  by  alkali,  red  by  concentrated  sulphuric 
acid,  and  green  by  ferric  chloride.  It  is  partially  precipitated  from  an 
aqueous  solutiqn  by  lead  subacetate,  reduces  copper  solution,  and  is 
optically  active  (ao  =  - 127°).  On  hydrolysis  it  yields  d-glucosc  and  a 
brownish  precipitate.  It  has  an  intensely  bitter  taste.  During  July  it 
begins  to  diminish  and  during  October  it  disappears  completely. 

1  Ann.  staz.  chim.  agr.  sper.  Roma,  1910,  2  ser.  4,  253. 

2  Gaz.  chim.  ital.  1900,  36,  II,  372. 

3  Compt.  rend.  1908,  147,  533;  J.  pharra.  chim.  28,  303. 
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Bioletti^  found  that  oleuropein  is  not  destroyed  by  neutralization  with 
alkali  or  by  a  slight  excess  but  an  excess  of  2  per  cent  of  potassium  hydrox¬ 
ide  immediately  removes  the  bitter  taste  and  0.7  per  cent  removes  it 
in  24  hours.  When  heated  under  pressure  a  small  excess  of  alkali 

suffices. 

Enzymes. — Olives  contain  a  lipase  which  Tolomei  ^  calls  “  olease.” 
It  is  considered  necessary  to  press  the  pulp  promptly  in  order  to  restrain 
the  acid-forming  action  of  the  enzyme.  Rector  ^  found  that  filtered 
olive  oil  prepared  without  chemicals  still  contained  an  appreciable 
amount  of  the  enzyme,  which  is  partially  destroyed  on  heating  15  min¬ 
utes  at  75°  and  completely  at  150°  C.,  but  that  the  foots  contain  an 
anti-enzyme. 

Mineral  Constituents. — The  following  analysis  of  the  ash  of  the  olive 
fruit  was  made  at  the  California  Agricultural  Experiment  Station :  ^ 


Analysis  of  Olive  Fruit  Ash 


Ash* 

K2O 

Na20 

CaO 

MgO 

Fe203 

P2O5 

SO3 

« 

Si02 

Cl 

% 

1.42 

% 

60.74 

% 

2.23 

% 

16.28 

% 

3.77 

% 

0.10 

% 

8.33 

% 

1.10 

% 

5.67 

% 

1.58 

*  In  fruit. 


Minor  Mineral  Constituents.  Manganese.— Pulp  1.66,  stone  2.5  mg.  per  kilo, 
dry  basis .(Quartaroli).® 

Copper.— Fruit,  fresh  basis  2.8,  dry  basis  8.3  mg.  per  kilo  (Guerithault).®  Pulp 
1.8,  stone  6.25  mg.  per  kilo,  dry  basis  (Quartaroli).^ 

1  California  Agr.  Exp.  Sta.  1914,  p.  197. 

2  Atti  accad.  Lincei  1896. 

^  J.  Ind.  Eng.  Chem.  1920,  12,  156. 

4  Rep.  1890,  p.  150;  Abs.  Exp.  Sta.  Rec.  1892,  3,  593. 

®  Ann.  chim.  appl.  1928,  18,  47. 

®  Compt.  rend.  1920,  171,  196. 


SEEDS  OF  THE  PEDALIUM  FAMILY 


{Fedaliacese) 

Sesame  seed  is  the  important  oil  seed  of  the  family. 


SESAME  SEED 

Sesamum  indicum  (L.)  D.C.  =  S.  indicum  L.  -j-  S.  orientate  L. 

Fr.  Sesame.  Sp.  S6samo.  It.  Sesamo.  Ger.  Sesam.  • 

Linnseus  gave  to  the  races  that  produce  light-colored  seeds  the 
specific  name  indicum,  to  those  producing  dark  seeds  the  name  S. 
orientate,  but  De  Candolle  considered  that  both  belong  to  the  same 
species.  As  a  result  of  different  grouping,  the  genus  Sesamum  has  been 
tossed  from  one  family  to  another — Bignoniacex,  Sesamacex,  Martyn- 
iacese,  Gesneracese,  and  Pedatiacese,  the  last  named  being  at  present  most 
generally  accepted. 

The  plant  is  commonly  believed  to  be  a  native  of  India,  but  De 
Candolle,  though  admitting  its  cultivation  there  for  two  or  three 
thousand  vears,  inclines  to  the  view  that  it  originated  in  the  Sunda 
Islands.  At  present  it  is  extensively  grown  in  tropical  and  subtropical 
Asia,  the  Sunda  Islands,  r:gypt,  and  other  Mediterranean  countries,  also 
in  South  America  and  to  a  very  limited  extent  in  the  United  States. 

It  is  indeed  one  of  the  world’s  great 
food  plants,  especially  in  India  and  other 
Asiatic  countries,  the  seed  being  used  as 
an  ingredient  of  bakery  products  and 
confectionery,  the  oil  for  cooking  and 
salads,  and  the  cake  as  food  for  cattle 
and  even  people  of  the  poorer  classes. 
MACROSCOPIC  STRUCTURE.— 
'1'^^  Amons  the  character,  of  the  flower  are 

oderm  with  I  ridRes  and  R  raphe;  sllOrt  five-partcd  CalyX,  the  tWO-lippCCl 

^  yellow  or  pinkish  corolla  (the  upper  lip 

with  two  lobes,  the  lower  with  three),  the 
four  stamens,  and  the  four-sided  ovary.  The  pod  is  about  2  cm.  long  and 
has  two  locules  but  appears  to  be  four-loculed  owing  to  false  partitions. 
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The  seed  (Fig.  243)  is  flattened  pear-shaped,  up  to  3  mm.  long,  and 
varies  in  color  from  light  straw  to  dark  brown.  An  indistinct  longi¬ 
tudinal  ridge  through  the  center  of  one  of  the  sides  marks  the  position  of 
the  raphe  (R).  Other  ridges  (1)  run  around  each  side  near  the  edge. 
Median  cross  sections  show  the  spermoderm  (S),  the  endosperm  (E), 
and  the  bulky  cotyledons  (C)  the  latter  being  two  to  three  times  as  long 
as  the  radicle. 


MICROSCOPIC  STRUCTURE. — Harz,i  Bohmer,^  and  later  au¬ 
thors  give  due  attention  to  this  seed.  Hebebrand,^  in  his  monograph  on 
sesame,  gives  a  plate  showing  the  histological  structure  of  the  seed  as 
well  as  the  gross  characters 
of  the  plant  and  the  lens 
structure  of  -the  pod  and 
seed. 

Spermoderm  (Fig.  244, 

*S;  Fig.  245). — Only  one 
cell  layer,  the  outer  epiderm 
(ep)  is  distinctly  evident, 
even  after  special  treat¬ 
ment.  Beneath  this  is  one 
collapsed  layer  of  paren¬ 
chyma  {p)  which  may  be 
partially  expanded  by 
Javelle  water  or  heating 
with  sodium  hydroxide. 

In  this  Hanausek^  notes 
the  presence  of  crystals  of 
calcium  oxalate.  A  yellow 
membrane  (m),  apparently 
a  cuticle,  forms  the  inner 
boundary  of  the  spermo¬ 
derm. 

Returning  to  the  outer  epiderm,  both  cross  sections  and  surface  prep¬ 
arations  are  necessary  to  study  its  characters.  Owing  to  the  thin  radial 
walls,  treatment  with  the  reagents  named  above  is  advisable.  The 
cells  are  radially  elongated  and  each  contains  at  its  outer  end  a  rounded 
mass  consisting  of  oxalate  crystals  within  a  membrane  or  coating. 


Fig.  244.-  Sesame  Seed.  Cross  section.  S  spermoderm; 
ep  outer  epiderm  with  Ca  crys'tal  masses,  I  epidermal  cells  of 
ridges,  p  parenchyma,  m  inner  cuticle.  E  endosperm.  C 
cotyledon  with  al  aleurone  grains.  X  160.  (A.L.W.) 


1  Samenkunde.  Berlin,  1885,  p.  960. 

2  Kraftfuttermittel.  Berlin,  1903,  p.  503. 

^  Landw.  Vers.-Stat.  1898,  61,  45. 

^  Lehrbuch  tech.  Microskopie.  Stuttgart,  1901 
Products.  New  York,  1907,  p.  382. 


p.  379. 
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These  masses  are  oftentimes  disintegrated,  the  individual  crystals  being 
evitlent  (tig.  245,  Ca).  In  surface  view  the  cells  are  isodiametric. 

4  he  cells  forming  the  ridges  do  not  contain  crystal  masses.  As 
first  noted  by  Benecke,^  these  cells  are  arranged  like  the  barbs  of  a 
feather  and  have  strongly  thickened  outer  walls.  In  surface  view  they 
are  somewhat  elongated. 

Endosperm  (Figs.  244  and  245,  — The  cell  layers  range  from  two 

at  the  edges  to  five  on  the  side.  All  the  walls  are  thick  enough  to  be 
rigid  and  the  outer  walls  are  further  thickened.  Aleurone  grains  up  to 
6  M  iind  fai  are  the  visible  contents. 

Embryo. — Cross  sections  of  the  cotyledon  (Fig.  244,  C)  show  one 
layer  of  palisade  cells  adjoining  the  inner  epiderm,  the  remainder  of  the 
ground  tissue  being  of  isodiametric  cells.  The  aleurone  grains  reach  10  n 
and  each  contains,  according  to  Hanausek,  a  crystalloid  or  a  globoid. 


Fig.  245.— Sesame  Seed.  Spermoderm  and  endosperm  ‘in  surface  view,  ep 
outer  epiderm  of  spermoderm  with  Ca  crystal  masses;  I  epidermal  cells  of  ridges; 
£■  endosperm.  XlOO.  (A.L.W.) 

Chief  Structural  Characters. — Seed  (3  mm.)  flattened,  pear- 
shaped,  yellow  or  brown,  with  ridges  over  raphe  and  about  edge  on 
both  sides.  Cotyledons  somewhat  bulkier  than  endosperm. 

Spermoderm  with  outer  epiderm  of  radially  elongated  palisade  cells 
each  containing  a  crystal  mass  in  outer  end.  In  African  sesame 
(S.  radiatum)  the  crystal  mass  is  in  the  inner  end  where  the  wall  is 
thickened.  Endosperm  and  embryo  containing  fat  and  aleurone  grains 

reaching  in  cotyledon  10  /x. 

CHEMICAL  COMPOSITION.— Hebebrand,2  acting  as  reporter  tor 
the  Association  of  German  Experiment  Stations,  prepared  a  monograj* 
on  sesame,  fully  treating  the  subject  in  its  various  phases,  with  a  h\b- 
liography  of  thirty-nine  titles.  BiihmerS  .^nd  Collin  and  Perrot  each 

^  Pharm.  Centralh.  1897,  549. 

2  Landw.  Vers.-Stat.  1898,  61,  45. 

3  Kraftfuttermittel.  Berlin,  1903,  p.  494. 

4  Residus  industriels.  Paris,  1904,  p.  203. 
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devotes  a  chapter  to  sesame  by-products.  No  American  analysis  has 
come  to  the  writers’  notice. 

The  following  summary  of  analyses  of  the  seed,  reported  by  Schaed- 
ler,i  Hebebrand,2  and  Dietrich  and  Konig,^  is  quoted  from  Bohmer’s 
Kraftfuttermittel : 


Composition  of  Sesame  Seed 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

4.71 

19.49 

35.13 

10.73 

1.70 

3.42 

Max . 

7.06 

22.69 

56.75 

28.76 

11.19 

8.47 

Aver . 

6.61 

21.12 

46.78 

18.63 

6.08 

6.02 

More  complete  analyses  are  those  by  Hebebrand  given  in  the  fol¬ 
lowing  table : 


Composition  of  Sesame  Seed  and  Cake  (Hebebrand) 


Water . 

Protein,  crude . 

Protein,  crude,  digestible . 

Protein,  pure . 

Protein,  water  soluble . 

Amides,  amines . 

Fat . 

Free  fatty  acids  as  oleic . 

N-free  extract . 

N-free  extract,  water  soluble. . . 

Pentosans . 

Fiber . 

Ash . 

Ash,  water  soluble . 

Sand . 


White 
East  Indian 
seed 


% 

5.42 

22.69 

20.98 

21.68 

3.39 
1.01 

52.75 

1.64 

6.30 

5.08 

4.69 

2.88 

5.27 

1.40 
O.'lO 


Black 

East  Indian 
seed 


% 


6 

.50 

21 

.77 

19 

.61 

■  00 

.36 

3 

,41 

51 

.40 

1, 

,69 

8, 

.44 

4. 

74 

1. 

70 

5. 

45 

0.10 


Levantine 

yellow 

seed 


% 

5.25 

19.49 

17.89 

19.03 

2.79 

0.46 

56.76 

1.58 

6.04 

4.81 

4.69 

3.71 

4.07 

1.12 

0.18 


Press  Cake 
Mannheim 
factory 


% 

8.72 
41.95 
40.13 
40.08 

5.52 

1.87 

13.45 

11.84 

12.34 

10.78 

8.65 

5.35 

9.54 

1.73 
0.08 


Ram  4  states  that  rough-seeded  varieties,  because  of  the  large  per- 

^  Tech.  Fette,  etc.,  1883. 

^  Loc.  cit. 

^Zusammens.  Verd.  Futterm.  1891. 

*  Mem.  Dept.  Agr.  India,  Bot.  Ser.  1930,  18,  127. 
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ceiitiige  of  hulls  yield  only  38  to  41  per  cent  of  oil  whereas  smooth-seeded 
varieties  yield  47  to  51  per  cent. 

Sesame  Cake.  Hebebrand  ^  states  that  786  samples  examined  in 
German  experiment  stations  from  1877  to  1898  contained:  protein 
27.70  to  48.56  and  fat  3.79  to  26.82  per  cent. 

Proteins. — Ritthausen  “  isolated  two  globulins  designated  legumin 
and  globulin.  Jones  and  Gersdorff,-"^  by  heating  to  68°  C.,  precipitated 
from  a  10  per  cent  brine  extract  of  defatted  sesame  cake  1.52  per  cent  of 
a  coagulum,  also,  by  iiddition  of  ammonium  sulphate  to  20  to  30  per  cent 
and  69  per  cent  saturation  respectively,  24.35  per  cent  of  crystalline 
a-globulin  and  5.66  per  cent  of  amorphous  ^-globulin. 

The  ritimate  Composition  of  these  proteins  follows: 


liOgumin 

Cdobulin 

Coagulum 

a-Globulin 

/3-Globulin 

Carbon . 

% 

51.19 

% 

51.19 

% 

44.58 

% 

53.32 

% 

48.64 

H  vdrotrcn . 

7.28 

7.15 

7.28 

0.74 

6.68 

Nitrogen . 

10.90 

18.38 

12.09 

18.44 

17.57 

Sulphur . 

1.12 

1.40 

0.80 

1.28 

0.82 

Oxygen . 

.  23.45 

21.88 

35.25 

20.22 

26.29 

1(X).(K) 

100.00 

100.00 

100  00 

100.00 

Amino  Acids. — The  following  results  are  by  Jones  and  Gersdorff: 


Coagulum 

a-Globulin 

/3-Globulin 

Arginine  * . 

% 

8.60 

% 

15.07 

’  % 

15.58 

Histidine  * . 

2.36 

2.68 

3.45 

Lysine  * . . 

2.53 

5.43 

3.99 

1.47 

Cystine  t . 

1.41 

1.94 

Tryptophane  t . 

2.72 

2.77 

Tyrosine  f . 

4.31 

4.72 

4.48 

*  V'an  Slykc  method,  t  Colorimetric  method. 


Nitrogen 
/3-globulin  in 


Didribution.—Rcsulta  on  the  coagulum,  a-globulin,  and 
the  order  named  follow:  amide  N  4.34,  9.48,  10.62;  humm 


1  Loc.  cit. 

2  Pfliiger’s  Arch.  1880,  21,  81; 


J.  prakt.  Chem.  1881,  23,  481;  Landw.  Vers.-Stat. 


1890,  47,  391. 

3  J  Biol.  Chem.  1927,  76,  213. 
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N  absorbed  by  lime  3.26  (doubtless  due  to  carbohydrates),  1.00,  1.21, 
humin  N  in  ether-amyl  alcohol  extract  9.95,  0.10,  0.36;  cystine  3.79, 
1.01,  1.05;  arginine  N  22.86,  26.28,  28.10;  histidine  N  5.28,  3.93,  5.24; 
lysine  N  4.00,  5.64,  4.29;  amino  N  of  filtrate  21.78,  50.96,  48.63;  non¬ 
amino  N  of  filtrate  24.78,  2.26,  1.54  per  cent. 

Oil. — The  oil  is  semi-drying,  resembling  in  its  characters  cottonseed 
oil.  Cold-pressed  sesame  oil  from  ground  seed  is  an  excellent  salad 
and  cooking  oil.  Hot-pressed  oil  is  inferior  and  finds  its  chief  use  in 
soap-making. 

Physical  and  Chemical  Values. — The  maximum  and  minimum  limits 
of  various  observers  follow : 


Values  of  Sesame  Oil 


Sp.  gr. 
15.5°  C. 

Refr. 
index 
25°  C. 

Maumene 

No. 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Fatty 

acids, 

titer 

Acid 

No. 

Unsapon 

ifiable 

matter 

Min. . . 

0.920 

1.4707 

61 

187 

103 

0.5 

°C. 

20 

0.5 

% 

0.5 

Max.  . 

0.926 

1.4725 

72 

193 

115 

2.0 

24 

3.0 

2.0 

The  results  obtained  by  Jamieson  and  Baughman  ^  and  used  as  data 
in  calculating  the  composition  of  the  oil  follow:  specific  gravity 
25°/25°  C.  0.9187;  refractive  index  at  20°  C.  1.4731;  saponification 
number  189.3;  iodine  number  (Hanus)  110.8;  Reichert-Meissl  number 
0.11;  Polenske  number  0.15;  acetyl  number  9.8;  saturated  acids, 
determined  12.8  per  cent  (iodine  number  6.2) ;  unsaturated  acids  and 
unsaponifiable  matter,  determined  82.3  per  cent  (iodine  number  129.0), 
saturated  acids,  corrected  12.2  per  cent;  unsaturated  acids,  corrected 
81.2  per  cent  (iodine  number  129.7);  acid  number  1.4;  unsaponifiable 
matter  1.73  per  cent  (iodine  number  96.3). 

Composition  of  Sesame  Oz7.— Lane  ^  separated  by  the  lead  salt  method 
78.1  per  cent  of  liquid  fatty  acids  consisting  of  oleic  and  linolic  acids. 
By  the  tetrabromide  method  Lewkowitsch,^  also  Farnsteiner  and  Lane 
whom  he  quotes,  isolated  about  15  per  cent  of  linolic  acid,  but  Lewko- 
witsch  notes  the  lack  of  correspondence  of  the  amounts  found  with  the 
10  me  number.  Jamieson  and  Baughman,i  as  shown  in  the  table  below 

gators  ''''"'  foregoing  investi- 

^  J.  Am.  Chem.  Soc.  1924,  46,  775. 

^  J.  Soc.  Chem.  Ind.  1901,  20,  1083. 

3  Tech.  Anal.  Oils,  etc.  London,  1914,  1,  575,  576;  2,  216. 
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Composition  of  Sesame  Oil  (Jamieson  and  Baughman) 


Glycerides  of : 

Lignoceric  acid .  0.04 

Arachidic  acid .  0.4 

Stearic  acid .  4.6 

Palmitic  acid .  7,7 

Oleic  acid .  48.1 

Linolic  acid .  36.8 

Unsaponifiable  matter .  1,7 


99.34 

Polarization  of  Sesame  Oil. — Cold-pressed  oil,  examined  by  Bishop, ^ 
polarized  +3.1°  in  a  200  mm.  tube  at  15°  C.,  whereas  hot-pressed  oil 
polarized  +7.2°.  Other  samples  showed  as  high  as  +9°.  The  optically 
active  substance  is  sesamin.  Olive  oil  polarized  +0.6°  but  other  edible 
oils  were  levorotatory. 

Lew’kowitsch  ^  notes  that  castor,  croton,  and  rosin  oils  are  also  dex¬ 
trorotatory,  but  these  are  not  edible. 

Samples  of  sesame  oil  examined  by  other  observers  range  in  polariza¬ 
tion  up  to  +3°,  but  the  number  of  samples  is  too  few  and  the  data  on 
the  polarization  of  other  oils  are  too  meager  to  warrant  sweeping  con¬ 
clusions. 

Sterols. — Villavecchia  and  Fabris  ^  were  the  first  to  show  that  the 
unsaponifiable  matter  of  sesame  oil  consists  of  (1)  phytosterolf  (2) 
sesaminj  and  (3)  a  thick  yellow  oil  which  reacts  in  Baudouin  s  test. 
They  assigned  to  the  phytosterol  the  formula  C25H44O.  Bomer  and 
Winter^  considered  the  formula  to  be  C2GH44O  +  iH20.  Heiduschka 
and  Klamroth  ^  obtained  the  phytosterol  with  a  constant  melting  point 

of  136.2°  to  136.8°  C. 

Sesamin.— The  formula  assigned  to  this  substance  by  Villavecchia 
and  Fabris^  is  (CiiHi203)2;  by  Tocher®  is  CisHisOsI  by  Bomer  and 
Winter^  is  C33H30O10;  and  by  Heiduschka^  is  C20H19O6.  A  quantity 
equivalent  to  0. 17  per  cent  was  separated  by  Heiduschka  as  large  needles 
with  a  melting  point  of  122.5°  C.  It  contained  carbon  67.36  and 
hydrogen  5.34  per  cent. 

1  J.  Soc.  Chem.  Ind.  1887,  6,  750. 

2  Chem.  Tech.  Fats,  etc.  lAjndon,  191 4^  2,  216. 

®  Z.  angew.  Chem.  1893,  6,  505. 

*  Z.  Unters.  Nahr.-Genussm.  1899,  2,  705;  1901,  4,  873. 

^Dissertation,  Miinchen,  1911. 

®  Pharm.  J.  Trans.  1893,  23,  700. 

7  Eighth  Int.  Cong.  Appl.  Chem.  1912,  11,  13. 
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Kreisi  records  the  following  color  reactions  of  sesamin  in  0,1  per 

cent  petroleum  ether  solution. 

Nitric  acid,  also  nitric  +  sulphuric  acid . Yeh®" 

Acetic  anhydride  +  sulphuric  acid  (Bomer  and  Winter) .  M  hen  green 

Pyrogallol  +  hydrochloric  acid  (Tocher) .  Violet 

Formaldehyde  -f-  sulphuric  acid  (Bellier) . 

Stannous  chloride  solution  (Soltsien) . . .  Red 

HydrogGn  peroxide  sulphuric  acid  (Kreis) .  reen 


Baudouin’s  Reaction,  characterized  by  the  red  color  formed  on 
shaking  the  oil  with  hydrochloric  acid  and  a  little  sugar,  has  been  shown 
by  Villavecchia  and  Fabris^  to  be  due  to  the  action  of  the  furfural, 
formed  by  the  acid  and  sugar,  on  an  unknown  substance  contained  in 
the  yellow  oil  noted  above.  Kreis  ^  believed  the  reacting  substance  is 
a  phenol-like  body.  Malagnini  and  Armanni  ^  found  a  crystalline  sub¬ 
stance  thought  to  be  the  active  principle  and  obtained  from  it  a  decom¬ 
position  product,  oxyhydrochinon,  which  was  stated  to  be  the  phenol¬ 
like  body  of  Kreis.  Neither  Bomer  and  Winter  nor  Heiduschka  were 
able  to  isolate  a  crystalline  substance  giving  a  phenol  reaction. 

Phosphorus-Organic  Compounds.  Lecithin. — Schulze  and  Frank¬ 
furt  ^  found  0.15  to  0.56  per  cent  of  lecithin  in  sesame  cake.  Hebebrand  ® 
following  the  same  method  found  0.75  per  cent  in  the  seed. 

Phytin  and  Nucleic  Acid. — No  results  available. 

Mineral  Constituents. — The  analysis  of  the  ash  of  white  sesame  seed 
by  Hebebrand  ®  given  below  is  characterized  by  the  high  content  of  lime. 
The  location  of  the  excessive  amount  of  lime  is  largely  in  the  epidermal 
cells  of  the  spermoderm  where  it  exists  as  concretions  of  oxalate  crystals. 
(See  Microscopic  Structure.) 


Analysis  of  Sesame  Seed  Ash  (Hebebrand) 


K20 

NaaO 

CaO 

MgO 

Fe203* 

t 

P2O5 

SO3 

Si02 

Cl 

% 

11.85 

% 

1.79 

% 

35.14 

% 

12.88 

% 

3.04 

% 

30.82 

% 

0.89 

% 

3.04 

% 

0.16 

*  Includes  AI2O3. 


Hebebrand  tentatively  reports  0.08  to  0.26  per  cent  of  oxalic  acid 
soluble  in  water  and  0.210  to  1.821  per  cent  of  calcium  oxalate  in  sesame 
seed  but  notes  that  the  method  of  analysis  is  lacking  in  accuracy.  The 
defatted  seed  was  boiled  directly  with  water  and  acid  respectively. 


1  Mitt.  Lebens.  Hyg.  1928,  19,  385. 
*  Log.  cit. 

Chem.  Ztg.  1903,  27,  1030. 


^  Ibid.  1907,  31,  884. 

Landw.  Vers.-Stat.  1894,  43,  307. 
®  Log.  Git. 


WEEDS  SEEDS  OF  THE  PLANTAIN  FAMILY 


{Plantaginacex) 

Belonging  to  this  small  family  are  two  bothersome  weeds,  English 
and  common  plantain,  the  seeds,  less  often  the  whole  fruit,  of  which 
occur  to  some  extent  in  grain. 

MACROSCOPIC  STRUCTURE. — The  inflorescence  is  in  heads  at 
the  ends  of  long  stalks  (scapes)  arising  from  a  group  of  root  leaves. 
The  calyx  is  composed  of  four  sepals,  the  corolla  of  a  narrow  tube  and 
four  spreading  lobes.  Both  are  inconspicuous  as  are  also  the  bracts. 
Of  special  interest  is  the  dehiscence  of  the  several-seeded  pod  which  is 
transverse,  the  top  falling  away  and  exposing  the  hemi-anatropous  seeds. 
Characteristic  of  the  seed  is  the  non-starchy  endosperm  of  horny  tex¬ 
ture,  embedded  in  which  is  the  straight  embryo. 

MICROSCOPIC  STRUCTURE.— The  line  of  dehiscence  of  the  peri¬ 
carp  shows  an  interesting  change  from  longitudinally  elongated  to  round 
cells  as  noted  under  English  plantain.  Mucilage  cells  form  the  outer 
epiderm  of  the  spermoderm.  Thickened  cell  walls  constitute  the 
chief  reserve  material  of  the  endosperm. 

ENGLISH  PLANTAIN  SEED 

Plantago  lanceolata  L. 

Fr.  Plantain  lanceol^.  It.  Piantaggine.  Ger.  Spitzwegerich. 

This  weed,  also  known  as  narrow-leaved  plantain  and  rib  grass, 
although  now  very  common  in  the  Western  Hemisphere,  especially  in 
grassland,  is  not  a  native,  having  been  introduced  in  clover  and  other 
seed  from  Europe.  It  is  today  a  common  impurity  of  clover  seed  and 
one  not  easily  recognized.  Rarely  it  occurs  in  grain. 

MACROSCOPIC  STRUCTURE.— Several  tough  green  stalks 
(scapes)  arise  from  a  rosette  of  narrow,  hairy,  mostly  five-nerved  root 
leaves,  each  bearing  a  brown-gray  close  flower  head  (spike)  with  pro¬ 
jecting  stamens.  The  fruit  is  a  dry  two-celled  capsule  opening  trans¬ 
versely,  the  lower  portion,  together  with  the  four  scale-like  sepals  romam^ 
ing  on  the  plant  while  the  upper  portion  or  lid  and  the  small  coroM, 
consisting  of  a  tube  and  four  spreading  lobes,  fall  away  liberating  t  e 

f:ach  seed  is  oval  or  ellipsoidal,  up  to  2.5  nun.  long,  light  to  darK 
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brown,  lustrous,  and  has  a  broad  groove  extending  nearly  its  entire 
length.  In  the  middle  of  the  groove  is  the  hilum  from  which  the  raphe 
extends  to  one  end.  The  seed  is  accordingly  hemi-anatropous.  Its 
shape  in  cross  section  is  shown  in  Fig.  247,  above.  The  embryo  is 
straight,  embedded  in  the  non-starchy  endosperm  {E).  The  radicle 
{R)  is  longer  than  the  cotyledons.  These  latter  in  cross  section  are 
nearly  semicircular,  the  separation  being  at  right  angles  to  the  longer 
diameter  of  the  section. 

MICROSCOPIC  STRUCTURE.  Corolla.— Two  layers  are  evident 
in  surface  mounts  of  the  lobes:  (1)  wavy-walled  cells  and  (2)  straight- 


Fig.  246.  Fig.  247. 


Fig.  246. — English  Plantain.  Inner  pericarp  in  surface  view.  Endocarp  of 
thin-walled  pointed  cells  beneath  wavy-walled  sclerenchyma  and,  at  dehiscence  edge, 
round  cells.  X 160.  (A.L.W.) 

Fig.  247.  English  Plantain.  Seed  in  cross  section.  S  spermoderm :  muc  outer 
epiderm  of  mucilage  cells,  hr  inner  epiderm  of  brown  cells.  E  endosperm  with  thick 
cellulose  walls,  radicle,  i/ hilum.  Whole  seed,  X 12;  portion,  X 160.  (A.L.W.) 


walled  cells,  both  more  or  less  elongated.  Only  one  layer  is  distinctly 
seen  in  the  corolla  tube,  the  cells  being  elongated-polygonal  with  radial 
walls  that  often  tip  over  showing  outer  and  inner  surface  as  two  distinct 
systems  of  meshes. 

Pericarp.  Kraus  ^  and  Harz  ^  describe  only  three  layers,  the  endo¬ 
carp,  which  we  find  in  addition,  having  escaped  their  attention.  The 
four  layers  are  as  follows:  (1)  epicarp,  the  cells  of  which  are  nearly 
square,  arranged  end  to  end  in  rows  except  at  the  line  of  dehiscence 
where  they  are  smaller  and  often  transversely  elongated,  (2)  hypoderm 
made  up  of  longitudinally  elongated  parenchyma  or  spongy  parenchyma 
cells,  arranged  end  to  end  in  rows,  with  small  intercellular  spaces  (3) 
1  Jahr.  wiss.  Bot.  1866-7,  p.  83.  ’ 

^Samenkunde.  Berlin,  1885,  p.  986. 
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sclerenchyma  ceJh  (Fig.  216),  longitudinally  elongated  with  wavy, 
strongly  thickened  porous  walls  except  at  the  line  of  dehiscence  where 
they  are  round  and  non-porous,  and  (4)  endocarp  (Fig.  246)  also,  of  long 
cells  but  pointed,  thin-walled,  and  faintly  beaded  (porous). 

At  maturity  the  first  two  layers  are  more  or  less  obliterated  except 
at  the  apex,  line  of  dehiscence,  and  base,  whereas  at  that  stage  the  last 
two  are  most  strongly  developed. 

Spermoderm  (Fig.  247,  S). — In  cross  section  two  layers  are  evident: 
(1)  outer  epiderm  of  thick  mucilage  cells  (rnuc)  and  (2)  inner  epidenn 
{hr)  of  thin-walled  cells  with  brown  contents  resulting  from  the  disorgan¬ 
ization  of  the  chlorophyl  present  during  the  earlier  stages  of  develop¬ 
ment.  A  middle  layer  is  present,  even  at  maturity,  in  the  groove  and 
at  the  ends  but  on  the  convex  side,  if  present  at  all,  it  is  collapsed,  as 
noted  by  Kraus. 

Endosperm  (Fig.  247,  E). — A  dense  tissue  with  greatly  thickened, 
sparingly  porous  walls  and  with  contents  giving  reactions  for  protein 
and  fat  makes  up  the  endosperm.  It  is  comparable  wdth  the  endosperm 
of  ivory-nut,  date  stone,  coffee,  and  persimmon. 

Embryo  (Fig.  247). — Both  cotyledons  and  radicle  {R)  contain  aleu- 
rone  grains  and  fat.  The  periblem  (cortex)  ring  of  the  radicle  is  composed 
of  large  round  cells  and  intercellular  spaces.  The  plerome  cylinder  is 
narrower.  A  conspicuous  procambium  bundle  passes  through  the  center 
of  each  cotyledon. 

Chief  Structural  Characters. — Seed  oval  or  ellipsoidal,  up  to 
2.5  mm.,  hemi-anatropous  with  broad  groove.  Embr}^  straight  in 
horny  endosperm. 

Pericarp  with  both  elongated,  porous  and  round,  non-porous,  thick- 
walled  cells.  Endosperm  with  reserve  carbohydrate  in  thickened  walLi 
hlmbryo  of  thin- walled  cells  containing  aleurone  grains  and  fat. 

COMMON  PLANTAIN 

Plantago  major  L. 

Fr.  Plantain  commun.  Ger.  Grosser  Wegerich. 

Broad-leaved  or  common  plantain  has  smooth,  mostly  seven-nerved, 

broad  leaves  which  when  young  are  used  as  greens. 

MACROSCOPIC  STRUCTURE.— The  head  {spike)  is  green,  long 
and  narrow;  the  capsule  is  several-  (often  fifteen  or  more)  seeded^ 
Unlike  those  of  English  plantain  the  seeds  seldom  exceed  1.5  mm.  and 

are  not  grooved.  r  t:^  i-oK 

MICROSCOPIC  STRUCTURE.— Practically  the  same  as  of  Englisn 

plantain. 
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SEEDS  OF  THE  COMPOSITE  FAMILY 


{Compositx) 


Sunflower,  madia,  and  niger,  the  three  species  yielding  commercial 
seeds  and  oil,  also  kinghead  and  ragweed,  two  common  weeds,  belong 
in  the  sunflower  tribe  ( Helianthoidese) ;  thistles  and  burdock,  which  are 
also  common  weeds,  belong  in  the  widely  separated  thistle  tribe  {Cynaroi- 
dex). 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— Characters  of 
the  flowers  of  the  sunflower  and  thistle  groups  are  too  well  known  to 
require  description.  The  dry  fruits  or  achenes  (Figs.  248,  259,  260  and 
261),  commonly  known  as  seeds,  differ  in  maximum  length  and  appear¬ 
ance  as  follows:  sunflower  18  mm.,  striped;  madia  8  mm.,  light  to  dark; 
niger  5  mm,,  black;  Canada  thistle  3  mm.,  brown;  bull  thistle  4  mm., 
light;  burdock  7  mm.,  mottled,  with  four  teeth.  Kinghead  and  rag¬ 
weed  have  the  achene  enclosed  in  a  leathery  involucre  with  ribs  and 
beaks,  the  whole  reaching  10  mm.  in  kinghead  and  4  mm.  in  ragweed. 

All  the  species  have  a  leathery  pericarp,  a  thin  spermoderm  and 
endosperm,  and  bulky  cotyledons. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— An  endosperm, 
of  one  layer  of  aleurone  cells,  and  bulky  cotyledons  characterize  all  the 
species.  A  layer  of  black  humous  substance  or  phytomelan  characterizes 
the  sunflower  tribe.  The  thick-walled  sclerenchyma  fibers  beneath  the 
phytomelan  of  the  sunflower  tribe  are  replaced  by  curious  thin-walled 
finely  reticulated  fibers  in  the  thistle  tribe.  Characters  of  the  members 
of  each  group  follow : 


Sunflower  Tnbe.-fipjcarp  cdh  of  sunflower  and  madia  straight,  porous-  ol 

S:  oT’“*'' ’  kinghead  and  ragweed,  sinuous-walled,  porous 

epicarp  of  sunflower  only.  Hypoderm  cells  of  sunflower  porous  in  several 

=!  “ 
thicir:f;u"f:M;;ifz’''Li;to;T;^ 

walls  10a  thick.  Endocarp  of  all  three  species  with  crystals  °Par!dn 
of  spermoderm  of  Canada  thistle  50  a  high-  of  bull  thi^T  !i  ,  cells 

Aleurone  grains  of  burdock  largest  (up  to  18  a), 
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COMPARATIVE  CHEMICAL  COMPOSITION.— The  ratio  of 
protein  to  fat  in  all  three  cultivated  oil  seeds,  namely  sunflower,  madia, 
and  niger,  is  approximately  as  1  ;  2. 

Proteins.  Only  the  proteins  of  the  sunflower  have  been  studied 
and  these  not  as  exhaustively  as  could  be  desired.  The  chief  protein  is  a 
globulin. 

Oil. — The  iodine  number  of  sunflower  oil  ranges  from  120  to  140, 
those  of  madia  and  niger  oils  are  for  the  most  part  within  the  same 
limits,  hence  they  are  semi-drying  oils.  The  chief  glycerides  of  sunflower 
oil  are  olein  33  and  linolein  57  per  cent. 

Ash. — Some  of  the  ash  analyses  reported  are  from  the  older  literature 
and  need  corroboration.  In  general  the  potash  is  relatively  low,  the 
lime  and  magnesia  relatively  high. 


SUNFLOWER 


Helianthus  ajmuuti  L. 


•Fr.  Toumesol.  Sp.  Girasol.  It.  Girasole.  Ger.  Sonnenblume. 


The  sunflower  is  a  native  of  Mexico.  Outside  of  Russia,  Hungary, 
Eg\'pt,  and  China,  where  it  is  extensively  grown  for  food,  the  plant  is 
best  known  as  an  ornamental.  In  India  its  culture  on  a  considerable 
scale  has  not  been  fully  satisfactory.  More  successful  results  have  been 
obtained  in  South  Africa. 

In  addition  to  the  ornamental  varieties,  the  Russian  large-seeded 
type  is  listed  in  American  catalogs,  the  seeds  being  grown  for  poultry 
food.  In  Russia  the  “  seeds  ”  (fruits)  are  eaten  raw  as  nuts,  but  the 
principal  use  of  the  decorticated  seed  there  and  elsewhere  is  for  oil  pro¬ 
duction.  Cold-pressed  oil  is  used  in  Russia  as  a  cooking  fat  and  for  the 
manufacture  of  oleomargarine;  the  inferior  oils  are  utilized  for  soap¬ 
making  and  other  technical  purposes. 

Sunflower  cake  is  a  valuable  concentrated  feed  much  used  in  Russia, 

Hungary,  and  Scandinavian  countries. 

MACROSCOPIC  STRUCTURE.— The  enormous  flower  heads, 
familiar  to  all,  are  made  up  of  numerous  fertile,  yellow  or  brown,  tubular 
disk  flowers  and  a  marginal  circle  of  sterile  ray  flowers  with  large  yellow 
ligules,  all  on  a  broad  receptacle.  The  achenes  are  obovate  up  to  1-8 
long  flattened,  more  or  less  diamond-shaped  in  cross  secRon.  They 
are  white,  black,  or  white-and-black  striped,  the  latter,  like  ribbon  grass, 
with  an  infinite  variety  of  combinations,  three  of  which  are  shown  in 


Fig.  248. 

The  pericarp  is  leathery  with  a  paper¬ 


like  lining  within  which  is 


a 
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thin  spermoderm  and  endosperm 
largely  of  two  fleshy  cotyledons. 

MICROSCOPIC  STRUCTURE. 

the  phytomelan  layer  but  the  devel¬ 
opment  and  structure  of  the  whole 
pericarp  including  the  twin  hairs. 

Pericarp  (Fig.  249,  F;  Fig.  250). 
— For  convenience  the  tissues  in  this, 
as  well  as  in  other  nearly  related 
composite  achenes,  are  divided  into 
five  layers:  (1)  epicarj)  {epi)  of  lon¬ 
gitudinally  elongated  cells  with  bead¬ 
ed  radial  walls,  also  twin  and  jointed 
hairs  {t'^,  t-)  or  hair  scars  (ts,  ti),  (2) 
hypoderm  (hy)  of  finely  porous  cells 
in  several  cork-like  cell  layers,  (3) 
non-cellular  dark  browm  or  black 
phytomelan  layer  (brj,  (4)  fiber  layer 
(f)  with  fiber  bundles  separated  by 
rays  of  thin- walled  non-porous  W) 
and  porous  (w^)  cells,  and  (5)  com¬ 
pressed  parenchyma^  including  the 
endocarp  the  cells  of  which  are  in¬ 
distinguishable  from  the  others. 


enclosing  the  embryo  consisting 
-Hanausek  ^  has  studied  not  only 


Fig.  248. 


Fig.  249. 


t  iG.  248.  Sunflower.  Achenes  showing  different  markings.  X2  (A  L  W  ) 

"ross  section.  F  pericarp:  epicarp  with  ^  pig- 

kver  °  T'"  hypoderm,  br  phytomelan 

^  of  ray  between  fiber  bundles,  p  parenchyma 

«  /»  fibro-vascular  Imndie.  S  spermoderm:  aep  outer  and  iep  inner  epiderm.  ft 

rap  e.  en  osperm.  C  cotyledon:  ep  epiderm,  al  aleurone  grains.  X160.  (K.B.W.) 


In  black  seeds  or  the  dark  stripes  of  striped  seeds  the  pigment  (pig) 

IS  located  m  the  epicarp,  some  of  the  cells  being  uniformly  Lbred  while 
others  are  entirely  free  from  color. 

^  B.  deut.  hot.  Ges.  1902,  20,  449. 
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Hanausok,  in  his  paper  on  the  development  of  the  pericarp,  points 
out  the  peculiar  nature  of  the  twin  hairs  which  are  not  only  grown 
together  side  by  side  but  are  joined  at  the  base  to  a  projecting  foot  cell, 
one  at  the  top,  the  other  at  the  side,  the  two  scars  of  such  twins  being 
shown  in  Fig.  249,  ts  and  ti. 

Two  kinds  of  cells  make  up  the  rays  separating  the  fiber  bundles. 
The  two  or  three  outer  cells  (Fig.  249,  7n^)  are  non-porous,  forming 
together  in  cross  section  an  urn-shaped  design,  the  remainder  (Fig. 


Fig.  250. — Sunflower.  Elements  of  fruit  in  surface  view.  Pericarp:  epi 
cpicarp  with  pig  pigment  cells,  ri  twin  hairs,  and  jointed  hairs,  hy  hypoderm, 
hr  phytomelan  layer;  outer  and  p  inner  fibers;  rn'-  outer  cells  of  ray  between 
fiber  bundles.  Spermoderm:  aep  outer  epiderm;  p  spongy  parenchyma;  iep  inner 
epiderm.  R  raphe.  E  endosi)erm.  ep  outer  epiderm  of  cotyledon.  X160. 

(K.B.W.) 


249,  m^)  are  porous,  transversely  flattened,  appearing  narrow  in  radial 
and  tangential  sections. 

Adjoining  every  other  fiber  bundle,  within  the  parenchyma,  is  a 
jihro-vascular  bundle  {fv) . 

Spermoderm  (Fig.  249,  ,S;  Fig.  2.5()).-Lit,tlc  detail  is  evident  in 
cross  section.  In  surface  view  three  layers  are  seen:  (1)  outer  epiderm 
(aep)  of  transversely  elongated  cells  witli  zigzag  walls,  (2)  spongy  paren¬ 
chyma  ip)  through  which  runs  the  raphe  (R),  and  (:i)  inner  epiderm  (tep) 

of  small  polygonal  cells.  ,  •  At 

The  zigzag  walls  of  the  outer  epiderm  are  highly  characteristic. 

each  angle  is  a  peculiar  thickening,  in  some  places  forming  a  loop. 
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Endosperm  (Figs.  249  and  250,  E)—k  single,  occasionally  a  double, 
layer  of  aleurone  cells  lies  between  the  spermoderm  and  the  embryo. 
In  each  a  nucleus  and  numerous  aleurone  grains  are  evident. 

Embryo.— The  cotyledons  in  cross  section  (Fig.  249,  C)  are  seen  to 
have  isodiametric  cells  beneath  the  outer  epiderm  (ep)  and  several 
rows  of  palisade  cells  beneath  the  inner  epiderm.  Numerous  aleurone 

grains  (ul)  up  to  14  /x  and  fat  fill  the  cells. 

Chief  Structural  Characters. — Achenes  obovate,  large  (1.8  cm.), 

white,  black,  or  striped. 

Epicarp  beaded,  often  with  dark  contents;  hairs  twin  and  jointed; 
nypoderm  cork-like,  porous;  phytomelan  over  large  bundles  of  large 
fibers.  Spermoderm  with  outer  epiderm  of  zigzag-walled  cells.  Endo¬ 
sperm  of  aleurone  cells  mostly  in  single  layer.  Embryo  containing 
aleurone  grains  (14  u)  and  fat. 


Composition  of  Sunflower  Seed 


Part 

analyzed  * 

Water 

Protein 

Fat 

N-f.  ext. 

Pento¬ 

sans 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

% 

Whole  seed: 

Kosutany. . . 

100 

0.00 

15.98 

36.60 

19.39 

24.30 

3.13 

Windisch 

Min . 

100 

3.37 

13.52 

22.21 

13.37 

23.48 

2  63 

Max . 

100 

12.85 

19.11 

36.51 

21.26 

32  27 

4  14 

Aver . 

100 

6.88 

15.19 

28.29 

17.36 

28.64 

3.20 

Hulls: 

Kosutany. . . 

42 

9.02 

5.16 

5.17 

23.92 

54.95 

1.78 

Kilgore . 

53 

10.00 

3.75 

1.56 

27.52 

54.86 

2.31 

Kilgore . 

54 

10.50 

4.37 

3.41 

22.10 

57.00 

2.62 

Pieraerts 

Eala . 

8.54 

4.00 

0.67 

33.34 

22.56 

51.01 

2.44 

Nioka. . . . 

8.86 

3.31 

0.82 

29.61 

18.56 

54.93 

2.47 

Kernels : 

Kosutany. . . 

58 

14.70 

24.95 

49.62 

4.18 

3.28 

3.27 

Kilgore . 

47 

6.90 

29.36 

43.92 

13.02 

2.64 

4.16 

Kilgore . 

46 

6.85 

31.57 

41.75 

15.93 

2.50 

1  40 

Windisch 

- 

Min . 

45 

2.89 

23.28 

35.12 

7.43 

2.30 

3.66 

Max . 

60 

6.87 

26.71 

55.55 

27.02 

4.30 

4.29 

Aver . 

4.00 

24.93 

60.44 

12.83 

3  14 

4  01 

Pieraerts 

Eala . 

5.97 

32.81 

40.85 

10.95 

3.33 

3.66 

5  76 

Nioka. . . . 

6.36 

32.94 

48.36 

3.95 

2.83 

4.29 

4.10 

*  In  whole  fruit. 
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^  CHEMICAL  COMPOSITION.  Kosutany  ^  of  the  Experiment 
Station  at  Altenburg,  Hungary,  reporting  on  sunflower  seed  cake  to  the 
Association  of  German  Experiment  Stations,  gave  his  own  analyses 
of  the  whole  (unextracted)  seed,  hulls,  and  kernel,  also  a  compilation 
of  analyses  of  the  press  cake.  Kilgore  analyzed  the  kernels  and  hulls 
of  t\^o  varieties,  Alammoth  Russian  and  Rlack  Giant,  and  compared 
the  results  with  those  for  cottonseed.  Windisch,  nearly  ten  years 
later,3  reported  analyses  of  the  whole  seed  and  of  the  kernel.  Pieraerts  ^ 
analyzed  the  kernels  and  hulls  of  a  sample  of  Russian  sunflower  grown 
at  the  Eala  Botanic  Gardens  and  of  Hungarian  sunflower  grown  at  the 
Nioka  experimental  farm,  both  in  the  Belgian  Congo.  A  summary  of 
results  by  the  authors  named  is  shown  on  the  preceding  page. 

Sunflower  Cake  varies  greatly  in  composition  owing  to  the  amount 
of  hulls  present  and  the  extent  to  which  the  oil  has  been  removed,  as 
illustrated  by  the  following  maximum  and  minimum  results  of  a  com¬ 
pilation  by  Kosutany,^  excluding  3  samples  with  high  water  content 
(36.84  to  44.31  per  cent). 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Min . 

3.11 

16.38 

4.90 

10.04 

6.05 

4.91 

Max . 

15.18 

47.96 

29.58 

28.62 

23.58 

11.27 

Proteins. — Osborne  and  Campbell  made  and  analyzed  several 
preparations  of  a  globulin  but  were  unable  to  remove  completely  “  heli- 
anthotannic  acid.”  Their  purest  preparation  was  a  globulin  containing: 
carbon  51.54,  hydrogen  6.99,  nitrogen  18.58,  sulphur  I.OO,  and  oxygen 
21.71  per  cent,  calculated  free  of  0.47  per  cent  of  ash.  They  concluded 
that  the  globulin  is  identical  with  the  edestin  of  other  oil  seeds. 

Amino  Acids  of  Edestin. — Abderhalden  and  Reinbold®  isolated  after 
hydrolysis  the  percentages  of  amino  acids  shown  on  the  following  page. 

Jones,  Gersdorff,  and  Moeller'^  report  1.56  per  cent  of  cystine  and 
2.54  per  cent  of  tryptophane  in  sunflower  seed  globulin. 

^  Lanclw.  Vers.-Stat.  1893,  43,  253. 

*  N.  Carolina  Agr.  Exp.  Sta.  1893,  Bui.  90b. 

®  Landw.  Vers.-Stat.  1902,  67,  305. 

*  Mat.  grass.  1926,  18,  7447. 

®  J.  Am.  Chem.  Soc.  1897,  19,  487. 

®  Z.  physiol.  Chem.  1905,  44,  284. 

7  J.  Biol.  Chem.  1924,  62,  183. 
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Products  of  Hydrolysis  of  Sunflower  Edestin  (Abderhalden  and  Reinbold) 


0.6 

.  12.9 

0.2 

.  .  3.2 

Glutamic  acid . 

..  13.0 

2.0 

Phenylalanine . 

Urnlinp  . 

4.0 

2.8 

Tryptophane . 

..  + 
45.7' 

Nitrogen  Distribution  in  Sunflower  Seed. — Nollaii  ^  applied  Van 
Slyke’s  method  directly  to  the  ground  seed  with  the  following  results: 


% 

Humin  N .  5.73 

Cystine  N .  2.98 

Arginine  N .  16.80 

Lysine  N .  4.86 

Histidine  N .  4.56 

Mono-amino  N .  45.32 

Non-amino  N .  5.27 

Amide  N .  15.42 

Total  N . 100.94 


Oil. — The  manufacture  and  consumption  of  sunflower  oil  has  until 
recent  years  been  largely  confined  to  Russia,  Hungary,  India,  and 
China,  where  it  is  used  for  human  food  and  for  the  manufacture  of  paints 
and  varnishes.  The  industry  has  proved  successful  in  South  Africa  but 
not  in  the  United  States. 

The  oil  has  drying  characters  that  place  it  in  the  class  with  linseed, 
poppy,  hempseed,  walnut,  and  some  other  oils. 

Physical  and  Chemical  Values. — The  range  in  the  ordinarily  deter¬ 
mined  values,  compiled  from  various  sources,  follows : 


Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Maumene 

No. 

Saponifica¬ 

tion 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

0.920 

1.4714 

68 

188 

120 

°C. 

17 

0.926 

1 .4735 

75 

194 

140 

18 

LI.  Biol.  Chem.  1915,  21,  611. 
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hese  fibres  should  be  regarded  as  tentative,  as  the  oil  from  some 
sources  falls  well  without  these  limits.  Tolman  and  Munson  i  in  two 
oils  obtained  as  follows:  specific  gravity  at  15.5°  C.  0.9205  and  0.9201 
refractive  index  at  25°  C.  (recalculated)  1.4702  and  1.4699,  and  iodine 
number  108.3  and  104.1,  which  correspond  closely  to  the  results  of 
BoRon  and  Revis  2  on  a  single  sample,  namely,  refractive  index  at 
25  C.  (recalculated)  1.4701  and  iodine  number  106. 

Jamieson  and  Baughman  ^  in  the  sample  used  for  determining  the 
individual  fatty  acids  report  the  following  results: 


\  ALUEs  OF  Sunflower  Oil  (Jamieson  and  Baughman) 


Specific  gravity  25®/25® . 

Refractive  index  at  20°  C . 

Saponification  number . 

Iodine  number  (Hanus) . 

Reichert-Meissl  number . 

Polenske  numlier . 

Acetyl  number . 

Saturated  acids  (determined) . 

Iodine  number  of  last . 

I’nsat.  acids  and  unsiipon.  matter  (determined) 

loiline  number  of  last . 

Iodine  number  of  unsaturated  acids . 

Saturated  acids  (corrected) . 

Unsaturated  acids  (corrected) . 

Acid  number . 

Unsaponifiable  matter . 

Iodine  number  of  last . 


0.9193 

1.4730 

188.0 

130.8 
0.27 
0.25 

14.5 

7.4% 

5.0 

87.5% 

147.5 

147.9 
7.1% 

86.0% 

2.3 

1.2% 

124.8 


Cholesterol. — Frankfurt  found  0.08  per  cent  of  cholesterol  in  the 

whole  seed. 

Composition  of  Sunflower  Oil. — As  found  by  Jamieson  and  Baugh¬ 


man  ^  the  oil  contains: 

Glycerides  of :  % 

Lignoceric  acid .  0.4 

Arachidic  acid .  0.6 

Stearic  acid .  2.9 

Palmitic  acid .  3.5 

Oleic  acid .  33.4 

Linolic  acid .  57.5 


Unsai)onifiable  matter 


99.5 

1  U.  S.  Dept.  Agr.,  Bur.  Chem.  1903,  Bui.  77,  40. 

-  Fatty  Foods.  Philadelphia,  1913,  j).  238. 

3,1.  Am.  Chem.  Soc.  1922,  44,  2952. 

*  Landw.  Vers.-Stat.  1893,  43,  100. 
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Carbohydrates— Frankfurt  ^  found  2.13  per  cent  of  sucrose  and  solu¬ 
ble  carbohydrates  in  the  whole  seed. 

Pieraerts  ^  determined  the  pentosans  with  the  results  given  in  the 

general  table  of  composition  above. 

Phosphorus-Organic  Compounds. — Frankfurt  ’  found  0.51  per  cent 
of  “  nuclein  etc./’  and  0.23  per  cent  of  lecithin  in  the  whole  seed. 

Enzymes. — Results  by  Traetta-Mosca  and  Milletti  ^  show  that  sun¬ 
flower  seed  contains  lipases  which  increase  in  activity  on  germination. 
They  exert  their  greatest  influence  after  removal  of  the  oil.  Synthetic 
action,  whereby  oleic  acid  and  glycerol  are  combined,  was  noted  in  both 
germinated  and  defatted  seeds. 

Mineral  Constituents. — A  complete  ash  analysis  by  Schadler^^  and 
recalculated  determinations  of  the  principal  ash  constituents  by  Andre  ^ 
follow: 


Analysis  of  Sunflower  Seed  Ash 


K2O 

Na20 

CaO 

MgO 

Fe203* 

P2O5 

SO3 

Si02 

Cl 

Sch;idler _ 

Andre . 

% 

16.23 

24.89 

% 

7.41 

% 

7.63 

8.86 

% 

12.29 

10.54 

% 

1.60 

% 

35 . 53 
24.00 

% 

2.34 

9.92 

% 

14.65 

% 

2.42 

*  Includes  AI2O3. 


The  high  content  of  lime  and  magnesia  compared  with  that  of  potash 
may  be  due  to  the  hulls.  Analyses  of  the  decorticated  seed  are  not 
available. 

Minor  Mineral  Constituents,  /ron.— Seed  34  mg.  per  kilo  dry  basis 
(McHargue).® 

Manganese.  Seed  23  mg.  per  kilo,  dry  basis  (McHargue).*’’  Seed  12.20  mg.  per 
kilo,  dry  basis  (Quartaroli).^ 

Copper.  Seed  19.80  mg.  per  kilo,  dry  basis  (Quartaroli).^ 

Zfnc.— Seed  11.4  mg.  per  kilo,  dry  basis  (Bertrand  and  Benzon).^ 

^  Loc.  cit. 

^  Loc.  cit. 

®  Ann.  chim.  appl.  1923,  13,  270. 

^  Tech.  Fette,  quoted  by  Kosutany,  loc.  cit. 

^  Bui.  soc.  chim.  1919,  26,  610. 

®  J.  Agr.  Res.  1923,  23,  395. 

^Ann.  chim.  appl.  1928,  18,  47. 

®  Bui.  soc.  hyg.  aliment.  1928,  16,  457. 
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MADIA 

Madia  saliva  Mol. 

Fr.  Madi.  Sp.  Aladi.  It.  Aladia.  Ger.  Madia. 

Tarweed  is  a  generic  term  for  the  species  of  Madia,  all  of  which  are 
natives  of  the  Pacific  slope  of  North  and  South  America.  Before  the 
Spanish  conquest  common  tarweed  {M.  saliva)  was  grown  in  Chile  for 
its  seed  from  which  an  edible  oil  was  pressed.  It  was  known  by  the 
aborigines  as  madi.  A  variety  of  the  same  species  grows  in  sheep 
pastures  in  California.  In  America  and  Europe,  especially  in  Germany 
and  Austria,  the  plant  has  been  cultivated  to  some  extent,  the  cold- 
pressed  oil  having  been  used  as  a  food  and  the  inferior  grades  for  technical 
purposes.  Its  culture  and  utilization  outside  its  habitat,  however,  scarcely 
went  beyond  the  experimental  stage  and  are  now  largely  abandoned. 

MACROSCOPIC  STRUCTURE. — The  plant  is  glandular  (hence  the 
name  “  tarweed  ”)  with  yellow  inconspicuous  ray  flowers.  It  is  night 
blooming.  The  achenes  are  slender,  four-  to  five-angled,  somewhat 
curved,  4  to  8  mm.  long,  and  they  vary  in  color  from  light 'to  nearly 
black.  Harz  ^  states  that  the  seed  shortly  before  maturity  is  black  but 
the  color  often  bleaches  later  to  gray. 

MICROSCOPIC  STRUCTURE. — As  is  often  true  of  plant  novelties, 
considerable  attention  has  been  given  to  the  scientific  characters  of  this 
fruit,  including  the  histology.  It  is  described  in  the  treatises  and  in 
a  special  article  by  Winton.“ 

Pericarp  (Fig.  251,  F;  Fig.  252).— There  are  five  layers,  not  includ¬ 
ing  the  endocarp  which  at  maturity  is  so  compressed  as  not  to  show  cell 
structure:  (I)  epicarp  (ep)  of  longitudinally  elongated  porous  cells  with 
cuticle,  (2)  hypoderm  (hy)  of  thin-walled  parenchyma,  (3)  non-cellular 
dark  brown  or  black  phyloinelan  layer  {hr),  (4)  fiber  bundles  (/)  separated 
by  parenchyma  rays  (m),  and  (5)  parenchyma  (p),  more  or  less  com¬ 
pressed  . 

The  phylomelan  layer  has  numerous  minute  holes  in  longitudinal 
rows  corresponding  to  projections  on  the  underlying  fibers,  also  trans¬ 
verse  marbling. 

Spermoderm  (Figs.  251  and  252,  .S).— The  tissue  is  thm-walled 
parenchyma,  more  or  less  compressed,  forming  only  one  or  two  distinct 
rows  except  about  the  raphe. 

At  the  base  of  the  seed  are  curious  porous  cells  (sc)  not  apparently 
belonging  to  the  raphe. 

1  Samenkuncie.  Berlin,  1885,  p.  855. 

2  Connecticut  Agr.  Exp.  Sta.  Rep.  H)03,  p.  100. 
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Endosperm  (Figs.  251  and  252,  E). — Aleurone  cells  of  the  usual  type 
form  one  layer. 

Embryo. — The  fleshy  cotyledons  (Fig.  251,  C)  contain  aleurone 
grains  (oi)  up  to  6  and  fat. 

Beneath  the  outer  epidenn  the  ep__. 
cells  are  isodiametric;  beneath 
the  inner  epiderm  they  are  typ¬ 


p  — 


R"- 


ical  palisade  cells  in  three  or 
four  layers. 

Chief  Structural  Char¬ 
acters. — Achenes  obovate,  8 
mm.,  gray  or  black. 

Epicarp  walls  beaded,  hairs 
absent;  hypoderm  a  single 

parenchyma  layer;  hbers  and  pericarp:  ep  epicarp,  hy  hypoderm,  br  phytomelan 
fiber  bundles  smaller  than  in  layer,  /  fiber  bundles,  m  parenchyma  rays,  p  paren- 

sunflower,  larger  than  in  niger.  c  cotyledon  with  <.i  aleurone  grain,.  XltiO.  (A.L.W.) 
Spermoderm  characterless. 

Endosperm  and  embryo  with  smaller  aleurone  grains  (8  u)  than  in 
sunflower. 


Fig.  252.  Madia.  Elements  of  fruit  in  surface  view.  Pericarp:  ev  epicarn, 
hy  hypoderm,  hr  phytomelan  layer,  /  fiber  bundle.  S  spermoderm.  R  raphe! 
sc  porous  cells  at  base  of  seed.  E  endosperm.  X160.  (A.L.W) 


CHEMICAL  COMPOSITION.-An  analysis  of  the  whole  .seed  wah 
lecorded  as  early  as  1845  in  Boussingaiilt’s  “  Die  Landwirthschaft  ”  > 
and  from  then  to  187(1  other  analyses  of  the  seed  and  cake  appeared  in 

1  3,  202. 
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the  literature  but  in  recent  years  only  one  analysis  ^  has  been  brought  to 
the  writers  notice.  The  following  table  includes  Boussingault’s  results 
and  the  averages  as  given  in  Konig’s  Compilation  and  Bohmer’s  Kraft- 
futtermittel:  ^ 


Composition  of  Madia  Seed  and  Cake 


Water 

I’rotein 

Fat 

N-f.  e.xt. 

Fiber 

Ash 

i 

Seed: 

% 

% 

% 

% 

% 

% 

Boussingault .... 
Konig  (aver.) .  .  . 
Cake : 

8.40 

7.46 

22.90 

19.3(1 

41  00 
38.44 

5.00 

12.78 

18.00 

17.69 

4.70 

4.27 

Bdhmer  (aver.).. 

10.55 

31.7(1 

10.99 

16.87 

22.45 

7.38 

Oil. — Madia  oil  has  less  pronounced  drying  properties  than  sunflower 
and  nigcr  oils.  Although  edible  when  cold  pressed,  its  chief  use  is  for 
burning,  soap-making,  and  lubrication. 

The  Physical  and  Chemical  Values,  commonly  given  in  the  treatises, 
are  largely  those  of  De  Negri  and  Fabris  as  follows: 


Values  of  Madia  Oil 


Sp.  Kr. 
15.5°  C. 

Maumen6 

No. 

Saponifi¬ 

cation 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

Min .... 
Max.  .  .  . 

0 . 926 
0.929 

117.5 

119.5 

°C. 

20 

22 

96 

192.8 

The  constituent  fatty  acids  are  stated  to  be  linolic,  with  smaller 
amounts  of  oleic,  linolenic,  and  isolinolenic.  but  no  investigation  has 
been  recently  attempted. 

Mineral  Constituents. — An  early  analysis  by  Souchay  ^  showing  a 
(questionably  high  soda  content  follows: 


Analysis  of  Madia  Seed  Ash  (Souchay) 


K,0 

NiuO 

CaO 

MgO 

Fe203 

IhOfi 

% 

9.53 

% 

1  1  .24 

% 

7  74 

% 

15.42 

% 

1  .08 

% 

54.99 

1  liul.  Imp.  Inst.  1915,  13,  ;i44;  Chern.  Ahs.  10,  39(1. 

2  B(‘rlin,  1903,  p.  4(12.  i  r 

3  Wolff:  Chem.  Forsch.  1847,  p.  331;  Harz:  Samcnkiiiulc.  Berlin 


1885,  p.  856. 
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NIGER  SEED 

Guizotia  abyssinica  (L.)  Cass.  =  G.  oleifera  D.  C.  =  Verhesina  saliva 

Roxl). 

Fr.  Niger.  It.  Niger.  Ger.  Nigersamen. 

Although  believed  to  be  a  native  of  East  Africa,  the  niger  plant  is 
now  extensively  cultivated  in  India,  where  it  is  known  also  as  ramtil 
or  gingelli.  Its  culture  has  been  attempted  in  Germany  and  is  success¬ 
fully  practiced  in  Florida. 

Niger  oil  is  pressed  from  the  seed  in  India,  France,  and  England. 
Cold  pressed,  the  oil  is  nutty  and  furnishes  the  poor  classes  in  India  a 
valuable  food.  The  second  pressings  are  used  as  soap  stock,  lamp  oil, 
and  lubricant. 

Niger  cake  is  used  chiefly  in  England  as  a  concentrated  fodder. 

MACROSCOPIC  STRUCTURE. — The  flower  heads  have  yellow 
ray  flowers  with  three-toothed  ligules  and  a  leaf-like  involucre.  Each  of 
the  numerous  black  achenes  of 
the  sunflower  type  is  but  5  ep- 
mm.  or  less  long  and  1.5  mm. 
across  at  the  widest  part. 

MICROSCOPIC  STRUC¬ 
TURE. — Madia  and  niger  ap¬ 
pear  to  be  classed  together — 
at  least  the  authors  who  have 
studied  one  have  also  studied 
the  other.^ 

Pericarp  (Fig.  253,  F;  Fig.  254). — As  in  sunflower  and  madia  there 
are  five  layers,  the  obliterated  endocarp  being  included  in  the  fifth: 
(1)  epicarp  (ep)  of  much-elongated  cells  without  pores,  (2)  hypoderm 
(hy)  of  rail-shaped  cells  containing  a  dark  pigment,  (3)  non-cellular  dark 
brown  or  black  phytomelan  layer  {hr),  (4)  fiber  bundles  (/)  separated  by 
parenchyma  rays  {m),  and  (5)  parenchyma  (p)  more  or  less  collapsed. 

The  phytomelan  layer  has  cross  markings  nearer  together  than  in 
madia,  which  it  otherwise  resembles. 

Spermoderm  (Fig.  253  and  254,  S).-Only  one  layer  is  conspicuous 
and  this  only  m  surface  view— the  outer  epiderm  with  wavy  walls  and 
narrow  elongated  pores.  These  latter  usually  extend  at  right  angles  to 
the  walls  but  because  of  the  sinuous  nature  of  the  walls  have  a  curious 

fan-shaped  arrangement.  The  inner  parenchyma  tissue  is  compressed 
and  inconspicuous. 

^  Wmton:  Connecticut  Agr.  Exp.  Sta.  Rep.  1903,  p.  175. 


"E 


Fig.  253. — Ni'^er.  Shell  in  cross  section.  F  peri¬ 
carp;  ep  epicarp,  hy  hypoderm,  hr  phytomelan  layer, 
/  fiber  bundles,  m  parenchyma  rays,  p  parenchyma. 
(S  spermoderm.  F  endosperm.  X  300.  (A.L.W.) 
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Endosperm  (Figs.  253  and  254,  K)  and  Embryo. — As  in  sunflower. 

Chief  Structural  Characters. — Achenes  obovate,  small  (5  mm.), 
black. 

Epicarp  non-porous,  hairs  absent;  hypoderm  cells  rail-shaped. 
Spermoderm  with  wavy  walls  and  elongated  pores.  Otherwise  similar 
to  madia. 

CHEMICAL  COMPOSITION.  Seed  and  Cake. — Since  neither 
the  seed  nor  the  cake  has  entered  regularly  into  international  commerce, 
scanty  details  of  their  composition  are  available. 

The  first  analysis  of  the  seed  reported  in  the  literature  by  Anderson  ^ 
is  also  the  most  complete.  This  analysis,  together  with  the  average  of 


Fig.  254.--Niger.  Elements  of  fruit  in  surface  view.  Pericarp:  ep  epicarp, 
hy  hypoderm,  br  phytomelan  layer,  /  fiber  bundle.  S  sj^ermoderm.  E  endosperm. 

X300.  (A.L.W.) 


7  analyses  of  the  cake  compiled  by  Dietrich  and  Konig,^  an  analysis 
evidently  of  Indian  cake  published  in  the  Bulletin  of  the  Imperial  Insti- 
tute,'*  an  analysis  by  Hansen, •*  and  one  by  Smetham  ^  are  given  in  the 

table  below. 

Niger  Oil  has  been  pressed  in  ICngland  and  France  from  seeds  shipped 
from  India  or  Africa,  but  the  production  and  use  of  the  oil  are  largely 
confined  to  the  regions  of  origin.  Cold-pressed  oil  is  edible.  The  poorer 


^  Trans.  Hif^hl.  Soc.  1860. 

2  Zusammens.  Verd.  P'utterm.  1891. 

3 1916,  14,  88;  Chem.  Abs.  10,  2410.  c,,  r,  or  oa? 

*  Mitt.  <ieut.  I.an<lw.  Ges.  1911,  26,  39C.,  412,  425;  Exp,  Sta.  Rcc.  26,  267. 

5  Roy.  Lancash.  Agr.  Soc.  J.  1909,  28;  Analyst  1910,  36,  54. 
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Composition  of  Niger  Seed  and  Cake 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Niger  seed: 

Anderson . 

7.02 

19.37 

43.22 

12.37 

14.33 

3.48 

Niger  cake:  • 

Dietrich  and  Konig .... 

10.81 

32.02 

5.46 

23.53 

19.57 

8.61 

Bui.  Imp.  Inst . 

10.4 

33.1 

6.1 

23.4 

16.8 

10.2 

Hansen . 

10.76 

31.00 

3.15 

29.83 

14.65 

10.61 

Smetham . 

8.90 

34.06 

14.03 

21.80 

9.26 

11.95 

grade  of  hot-pressed  oil  is  used  for  lighting,  soap-making,  and  lubrica¬ 
tion. 

Physical  and  Chemical  Values. — The  limits  given  in  the  following 
table  are  compiled  from  results  by  Crossley  and  Le  Sueur,^  Utz,^ 
iMitchell,^  and  others: 

Values  of  Niger  Oil 


Sp.  gr. 
15.5°  C. 

Refractive 

index 

25°  C. 

Maumene 

No. 

Saponifica¬ 

tion 

No. 

Iodine 

No. 

Fatty 
acids, 
m.  pt. 

°  C. 

Min . 

0.924 

1.4741 

81 

188 

126 

25 

Max . 

0.927 

1 .4762 

82 

193 

134  • 
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KINGHEAD 

Ambrosia  trifida  L. 

Giant  or  great  ragweed  or  kinghead,  an  American  plant,  like  its  near 
relative  common  ragweed  (A.  artemesisefolia  L.),  grows  in  the  state  of 
nature  in  bottom  land  and  as  a  weed  in  moist  grain  fields,  barnyards 
and  other  wet  places.  It  appears  to  be  particularly  troublesome  in  the 
Northwest,  especially,  according  to  Wilson,^  along  the  Red  River,  which 
forms  the  boundary  between  Minnesota  on  the  east  and  North  Dakota 
and  part  of  South  Dakota  on  the  west,  these  three  states  being  the  most 
important  of  the  Spring  wheat  section. 

U.  Soc.  Chem.  Ind.  1898,  17,  991. 

^Chern.  Rev.  Fett-Harz  Ind.  1911,  18,  106. 

3  Allen’s  Com’l.  Org.  Anal.  4th  Ed.,  2,  70. 

^  Minnesota  Agr.  Exp.  Sta.  1906,  Bui.  96,  226. 
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The  name  “  kinghead,”  referring  to  the  resemblance  of  the  involucre 

to  a  crowned  head,  is  current  in  that  sec¬ 
tion  as  well  as  in  shipping  centers  for 
Spring  wlieat,  whereas  the  name  giant  or 
great  ragweed  is  elsewhere  more  generally 
used. 

MACROSCOPIC  STRUCTURE— All 


Fig.  255. — Kinghead.  Involucre  en¬ 
closing  fruit.  I  with  five  ridges  and 
beaks;  II  with  ten  ridges  and  beaks. 
X2.  Ill  cross  section  showing  in¬ 
volucre  (gray)  with  two  fiber  bundles 
in  each  ridge,  pericarp  (dark  gray), 
sperinoderm  (white),  endosperm 
(black),  and  cotyledons.  X4.  (A.L.W.) 


the  ragweeds  are  monoecious,  the  sterile 
flowers  being  borne  above  in  heads,  the 
fertile  flowers  below,  singly  or  in  small 
groups.  Each  fertile  flower  consists 
merely  of  a  pistil  in  a  closed  pointed 
involucre  with  usually  four  to  six  (some¬ 
times  a  double  number)  of  ribs,  each  end¬ 


ing  in  a  horn,  the  whole  ripening  into  the  curious  one-seeded  false 


Fia.  250.— Kinghead.  Fruit  in  cross  section.  I  involucre:  acp  outer  epiderm 
with  /  jointed  hair,  sub  parenchyma,  rf  reticulated  fibers,  /  bast  fiber  zone  with  two 
longitudinal  bundles,  /d  spongy  parenchyma,  icp  inner  epiderm.  f  pericarp:  ept 
epicarp,  hy  hypoderm  of  beaker-shaiKMl  stone  cells,  br  phytomelan  hiyer  /  hlier  zone 
obliterated  parenchyma.  S  spermoderm:  ret  reticulated  P  o  )  i  era  ec 

jiarenchyma.  E  endosperm:  al  aleurone  cells.  C  cotyledons  with  aleuroiie  gram  . 

XI 20.  (A.L.W.) 


fniit  reaching 


1  cm.  in  length,  that  suggested  the  name  “kinghead 
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(Fig.  255).  When  double  the  normal  number  of  ribs  is  present,  the 
horns  into  which  the  secondary  ribs  pass  are  smaller  than  the  others 
and  form  a  more  or  less  pronounced  inner  row.  Each  primary  rib, 
whether  or  not  secondary  ribs  are  present,  contains  two  main  bundles, 
each  secondary  rib  only  one.  In  addition  to  the  main  bundles,  small 
ones,  visible  under  the  microscope,  may  be  present  in  both  main  and 
secondary  ribs. 

The  fruit  (achene)  is  free  in  the  involucre;  the  pericarp,  spermoderm, 
and  endosperm  form  a  thin  black  shell  in  which  is  the  embryo  with  two 
fleshy  cotyledons. 

MICROSCOPIC  STRUCTURE. — The  ragweeds,  being  American 
plants  not  as  yet  very  common  in  the  Old  World,  have  been  ignored  by 


Fig.  257.  Fig.  258. 

Fig.  257. — Kinghead.  Involucre  in  surface  view:  aep  outer  epiderm  with 
t  jointed  hair,  rf  reticulated  fibers,  ff  bast  fibers,  p  spongy  parenchyma,  iep  inner 
epiderm.  X160.  (A.L.W.) 

Fig.  258.  Kinghead.  Elements  of  fruit  in  surface  view.  Pericarp:  cpf  epicarp, 
hy  hypoderm,  hr  phytomelan  layer,  /  fibers.  S  reticulated  cells  of  spermoderm! 
E  endosperm.  C  epiderm  of  cotyledon.  X160.  (A.L.W.) 


histologists  excepting  Hanausek  who,  as  noted  below,  merely  refers  to 
the  non-cellular  black  layer. 

Involucre  (Fig.  256,  I;  Fig.  257). — The  structure  is  particularly 
interesting  in  its  mechanical  tissues.  Six  different  layers  are  seen  in 
cross  section:  (1)  outer  epiderm  (aep)  made  up  of  irregularly  polygonal 
cells  and  jointed  hairs  (t),  (2)  mbepidermal  layer  (sub)  of  characterless 
parenchyma,  one  to  several  cells  thick,  (3)  finely  retiadaJed  fibers  (rf  ) 
with  thin  walls,  (4)  bast  fibers  (ff)  variously  arranged  with  two  fiber 
bund  es  (5)  spongy  parenchyma  (p,  p')  of  longitudinally  elongated  cells, 
and  (6)  inner  epiderm  (lep)  of  longitudinally  elongated  wavy-walled 
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The  fourth  layer  of  hast  fibers  is  not  of  uniform  structure.  In  the 
outer  rows  and  in  the  extreme  inner  row  the  fibers  run  longitudinally, 
whereas  between  they  run  transversely  except  about  the  bundles  where 
they  form  remarkable  concentric  curves.  In  the  inner  row,  within  the 
pair  of  bundles,  they  pass  into  elongated  cells. 

Bast  fibers  apparently  make  uj)  the  entire  mass  of  the  bundle. 

Pericarp  (Fig.  256,  F;  Fig.  258). — Five  layers  are  evident:  (1) 
epicarp  (epi)  of  moderately  thickened,  porous,  sinuous-walled  cells,  (2) 
hypoderm  (hy)  of  beaker-shaped  stone  cells,  20  fx  high  (3)  non-cellular 
phytottielan  layer  (br)  of  carbon-like  substance  with  minute  holes,  (4) 
fiber  layer  (/),  the  individual  fibers,  several  thick,  being  narrow  with 
numerous  minute  pores,  and  (5)  compressed  parenchyvia  (p~)  including 
the  endocarp  which,  because  of  the  compression,  is  not  recognizable. 
Medullary  rays  are  absent. 

Hanausek,^  in  his  classical  monograph  on  the  phytomelans  of  the 
Canipositse,  does  not  give  a  special  description  of  this  species  but  notes 
that  the  formation  agtees  closely  with  that  in  Xanthimn  and  refers  to 
his  earlier  studies  ^  of  X.  stniniarium  L.  and  X.  spinosum  L.  in  which  he 


found  two  of  these  layers,  one  outside,  the  other  inside  of  the  thin- 
walled,  radially  elongated  cells  of  the  hypoderm.  In  both  species  the 
outer  layer  adjoins  the  epicarp,  the  inner  layer  adjoins  the  bast  fibers, 
which  are  very  narrow,  forming  a  closed  coat;  furthermore  the  hypo¬ 
derm  is  one-rowed,  whereas  in  X.  macrocarpum  D.C.  it  is  two-rowed. 
Hanausek’s  photomicrographs  ^  of  the  phytomelan  layers  in  surface 
view,  of  the  first  two  species  of  Xanthiurri  mentioned  above,  have  much 

the  same  appearance  as  the  layer  in  kinghead. 

Spermoderm  (Figs.  256  and  258,  Only  one  distinct  layer  is 
evident  either  in  cross  or  surface  sections.  This  is  the  outer  epidenn  {ret) 
made  up  of  isodiametric  cells  with  curious,  often  concentric,  reticulations. 
Within  this  layer  are  compressed  cells  (p^)  through  which  runs  the  rap  e 

in  one  of  the  narrower  sides  of  the  seed. 

Endosperm  (Figs.  2.^6  and  258,  £)  .-Typical  aleurom  celh  <.nn  a 
single  row.  In  surface  view  they  are  sharply  angular.  Ihe  aleurone 

nrains  are  scarcely  measurable. 

Embryo  (Figs.  256  and  258,  C).-As  in  the  endosperm  the  v.s.hk 
contents  are  aleurone  grains  and  fat.  In  the  outer  ayers  of  the  c^'^- 
dons  the  aleurone  grains  are  small  but  further  inward  they  reach  ma.  - 


'  Untersuchungen  uber  die  kohleiihnliche  87**109. 

Theil),  Denkschr.  math.-naturwis.s.  KI.  Kuiserl.  Aka  '  j  ’  ,’g  ’,g  ',,,30 

^Ritzungsber.  Kais.  Aka.l.  math.-naturwisa.  KI.  1907,  Abt.  1,  11  , 

Wiesner’s  Festschrift.  1907,  p.  145. 
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mum  of  25  n  and  average  about  10  or  12  /z.  They  are  elliptical  or  ovate 
and  contain  minute  globoids. 

Chief  Structural  Characters. — Involucre  ribbed  and  horned, 

1  cm.  Pericarp  and  spermoderm  thin. 

Involucre  with  jointed  epidermal  hairs;  primary  ribs  with  two 
fiber  bundles.  Epicarp  of  wavy- walled  cells  with  round  pores;  hypo- 
derm  of  beaker-shaped  stone  cells;  phytomelan  present;  fibers  longi¬ 
tudinal,  forming  continuous  zone.  Spermoderm  with  isodiametric 
reticulated  epidermal  cells.  Endosperm  of  single  aleurone  layer. 
Embryo  with  aleurone  grains  (up  to  25  /x)  and  fat. 


RAGWEED 

Ambrosia  arteynisiaefolia  L. 

Common  ragw^eed,  like  giant  ragweed  or  kinghead,  is  an  American 
plant.  It  is  one  of  the  worst  garden  weeds  and  in  sections  infests  grain 
fields.  Selby  ^  states  that  it  is  a  universal  weed  in  Ohio  fields,  following 
the  grain  crop,  the  seed  retaining  its  vitality  many  years. 

MACROSCOPIC  STRUCTURE. — The  plant  may  be  described  as 
kinghead  on  a  smaller  scale.  The  length  of  the  involucre  seldom  exceeds 
4  mm. 

MICROSCOPIC  STRUCTURE. — Although  the  general  structure 
is  like  that  of  kinghead,  there  are  certain  differences  in  detail  as 
follows : 

Involucre. — The  sclerenchyma  layer  is  much  reduced  in  thickness  and 

there  is  only  one  fiber  bundle  in  each  rib  and  sometimes  this  is  unde¬ 
veloped. 

Pericarp.  The  beaker-shaped  stone  cells  of  the  hypodenn  are  higher 
than  in  kinghead,  reaching  50  u.  or  over.  Within  the  brown  layer  of 
carbon-like  substance  the  outer  fibers  of  the  closed  fiber  zone  are  longi¬ 
tudinally  elongated,  whereas  the  inner  fibers  are  for  the  most  part  trans- 
versely  elongated. 

Spermoderm,  Endosperm,  and  Embryo.— As  in  kinghead. 

Chief  Structural  Characters. — Involucre  shorter  (4  mm.)  and 
thinner  than  in  kinghead. 

Involucre  with  not  more  than  one  fiber  bundle  in  each  rib  Pericaro 
tranLTse'  ^  of  inner  pericarp 

'  Ohio  Agr.  Exp.  Sta.  1906,  Bui.  176,  363. 
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Arctium  Lappa  I..  =  Lappa  officinans  All. 

Fr.  Bardane.  Sp.  Bardana.  It.  Tappola.  Gor.  Gomoino  Klotto. 

In  addition  to  the  type,  three  forms  (L.  major  Gajrtn.,  L.  minor 
D.C.,  L.  tomcntosa  Lam.),  formerly  considered  to  be  species,  are  now 
regarded  as  varieties. 

No  better  illustration  than  the  burdock  can  be  found  of  a  plant  that 
in  certain  regions  is  a  vile  weed  and  in  others  a  valuable  food  plant. 
Kondo,^  after  stating  that  in  Japan  the  root  is  one  of  the  most  valuable 
vegetables  (see  Gobo  under  Vegetables,  Volume  II),  describes  the  phys¬ 
ical  and  histological  characters  of  six  horticultural  varieties.  The  root 

of  the  weed  is  gathered  in  occidental 
countries  for  use  in  medicine,  the  fleshy 
cultivated  roots  not  being  suited  for 
this  purpose. 

Fruits  of  the  weed  are  here  described 
partly  because  of  their  probable  occur¬ 
rence  in  grain  and  screenings  and  partly 
because  of  their  taxonomic  and  histo¬ 
logical  relation  to  thistles  which  are 
recognized  impurities. 

MACROSCOPIC  STRUCTURE.— 
The  plant  and  flower  heads  are  much 
the  same  as  in  the  thistles,  but  the 
involucre  tips  are  hooked  instead  of 
being  merely  pointed  and  the  pappus  is  short  and  rough.  Although 
the  flower  head  is  smaller  than  that  of  Canada  thistle  the  achene  (Pig. 
259)  is  much  larger  than  the  achene  of  the  Canada  or  bull  thistle,  being 
5  to  7  mm.  long  and  2.5  to  3.5  mm.  wide.  It  is  further  distinguished  by 
its  wrinkled  surface,  the  short  blunt  teeth  of  the  crown  in  which  the 
ribs  end,  and,  usually,  the  black  blotches  on  the  brown  background. 

MICROSCOPIC  STRUCTURE.— Kondo  1  describes  in  detail  the 
structure  of  the  achene  of  the  cultivated  form  and  gives  illustrations 
showing  the  tissues  in  cross  section  and  after  isolation  by  maceration. 
His  important  study  is  the  first  worthy  of  mention  not  only  on  this  fruit 

but  on  the  groiip  including  the  thistles. 

The  general  structure  of  the  wild  as  well  as  the  cultivated  form  is 
much  like  that  of  the  thistles  except  that  the  elements  are  more  robust  y 

developed. 

»  Ohara  Inst,  landw.  Forsch.  Ber.,  1919,  1,  428. 


Fia.  259. 

Bur¬ 
dock. 

Seeds  (achenes). 


Fio.  230. 

Bull 

Thistle. 


Fio.  261. 

Canada 

Thistle 
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Pericarp— (1)  The  epicarp  cells  are  20 to  70  p  high,  being  highest  in 
the  depressions  between  the  wrinkles,  with  outer  walls  10  p  thick, 
(2)  the  inesocarp  has  bolder  fiber  elements  with  thicker  and  more  con¬ 
spicuously  reticulated  walls  than  those  of  the  thistles,  and  (3)  the 
endocarp  cells,  each  with  an  oxalate  crystal,  are  clearly  evident  in  cross 
section. 

Spermoderm. — The  outer  epiderm  cells  average  80  p  high  and  reach 
a  maximum  of  over  100  p.  Kondo  notes  their  parallelogram  shape  as 
seen  in  radial  section  or  in  the  macerated  material. 

Perisperm  and  Endosperm. — As  in  Canada  thistle. 

Embryo. — The  aleurone  grains  in  the  interior  of  the  cotyledons  are 
rounded-angular.  They  reach  18  p,  and  on  the  average  are  over  10  p 
in  diameter. 

Chief  Structural  Characters. — Achenes  (up  to  7  mm.)  larger 
than  those  of  thistles,  with  crown  teeth  and  blotches. 

Epicarp  cells  high  (70  p)  with  thick  (10  p)  outer  walls;  endocarp 
crystals  distinct.  Spermoderm  with  parallelogram  cells;  embryo  with 
aleurone  grains  up  to  18  p. 


BULL  THISTLE 

Carduus  lanceolatus  L.  =  Cnicus  lanceolatus  Hoffm.  =  Ctrsium  lanceo- 

latum  Scop. 

Fr.  Chardon.  Sp.  Cardo  silvestre.  It.  Cardo.  Ger.  Disteln. 

In  certain  sections  the  common  or  bull  thistle  is  more  troublesome 
than  the  Canada  thistle,  from  which  it  is  readily  distinguished  by  its 
much  larger  leaves,  flower  heads,  and  achenes,  as  well  as  by  the  greater 
number  of  flowers.  Both  species  are  natives  of  Europe. 

MACROSCOPIC  STRUCTURE.— The  achenes  (Fig.  260)  are  usually 
light  gray-brown,  3  to  4  mm.  long,  1  to  2  mm.  wide.  Other  characters 
are  as  described  for  Canada  thistle. 

to  STRUCTTOE.-AIthough  analogous  in  structure 

to  Canada  thistle  the  cells  of  the  epicarv  are  higher  (up  to  15  u) 
and  have  thicker  outer  walls  (up  to  7  m)  and  the  parallelogram  cells 

r  I*’’?''®'' 

thistTe  larger  than  in  Canada 

Chief  Structural  Characters.-AoW  3  to  4  mm.  long  (smaller 
.n  Canada  thistle  larger  in  burdock).  Epicarp  cells  higher  (15  T^th 
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Carduus  arvensis  L.  =  Cnicus  arvensis  Hoffm.  =  Cirsium  arvense  Scop.  ; 

Ir.  Chardon.  Sp.  Cardo  cjiniidionsc.  It.  ("ardo.  Oer.  Disteln.  ! 

Although  kno^v^  as  C  anada  thistle,  the  plant  is  of  Muropcan  oripjin. 

It  is  a  perennial  weed  in  grain  field  and  meadow  hard  to  eradicate  because  • 
of  its  creeping  roots. 

MACROSCOPIC  STRUCTURE. — The  flower  head,  as  in  other 
plumed  thistles,  has  a  prickly  involucre,  numerous  tubular  flowers,  and 
one-seeded  achenes  with  plumose  pappus  bristles  becoming  detached  at 

maturity.  Characteristic  of  this  species  are  the 
numerous  flowerheads,  their  small  size,  and  the 
small  achenes.  The  achenes  (Fig.  261)  are  of  a 
medium  brown  color,  2  to  3  mm.  long  and  0.5 
to  1  mm.  wide.  They  are  flattened  or  angular, 
obscurely  ribbed,  often  curved,  somewhat  con-  * 
stricted  near  the  ring-bordered  apex,  and  taper¬ 
ing  to  the  base — characters  shared  with  the 
larger  and  lighter  colored  achenes  of  the  bull  . 
thistle.  The  pericarp,  spermoderm,  and  the 
perisperm  are  closely  united  in  a  leathery  coat. 

A  thin  layer  of  endosperm  immediately  encloses 
the  large  embrj'O  consisting  chiefly  of  the  two  - 
fleshy  cotyledons. 

MICROSCOPIC  STRUCTURE.— The  gen¬ 
eral  structure  of  Canada  thistle  is  like  that  of 
bull  thistle  and  burdock,  but  the  elements, 
notably  the  epicarp  and  the  palisade  cells  of  the 
spermoderm,  are  smaller. 

Pericarp  (Fig.  262,  F). — Of  the  following 
three  layers  present  in  the  earlier  stages  of  growth 
the  third  is  more  or  less  obliterated  at  full  maturity:  (1)  e'picarp  of 
small,  longitudinally  elongated  cells,  characterized  in  cross  section  by 
the  thickened  outer  wall,  (2)  mesocarp  of  several  rows  of  thin-walled, 
Lnely  spiral-reticulated  elongated  cells  or  fibers,  and  (3)  endocarp  with 

cr>'stals. 

The  thickness  of  the  epicarp  layer,  as  seen  in  cross  section,  varies  up 
to  9  p,  of  the  outer  wall  up  to  4.5  p.  Stained  with  chlorzinc  iodine  the 

outer  wall  is  blue,  the  thin  cuticle  yellow. 

Spermoderm  (Fig.  262,  .S).— Only  one  layer  with  distinct  cells  is  evi-  ; 
dent  at  maturity,  namely,  the  outer  epiderm.  These  cells  are  like  those  . 


Fio.  262. — Canada  Thistle. 
Aohene  in  cross  section.  F 
pericarp:  epicarp  with  thick¬ 
ened  outer  walls,  mesocarp  of 
thin-walled  spiral-reticulated 
fibers,  endocarp  of  small  cells. 
S  spermoderm:  radially  flat¬ 
tened  paralleloRram-shaped 
Bclerenchyma  cells,  and  com¬ 
pressed  inner  cells.  V  peri¬ 
sperm.  E  endosperm.  C 
cotyledon  with  al  aleurone 
grains.  X  160.  (A.L.W.) 
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of  burdock,  first  noted  by  Kondo,i  but  ure  about  half  as  high  (average 
35  fx,  maximum  50  m).  They  are  radially  flattened,  appearing,  m  both 
cross  and  tangential  sections,  like  palisade  cells.  \^hen  isolated  by 
maceration  they  are  more  or  less  rounded  diamond-shaped,  or,  as  aptly 
described  by  Kondo,  parallelogram-shaped.  The  walls  are  of  quite  even 
thickness,  of  a  yellow  color,  and  stain  a  beautiful  carmine  with  safranin, 
contrasting  strongly  with  the  other  tissues,  ^^dthin  the  outer  epiderm 
is  a  tissue  of  compressed  parenchyma  part  of  which,  especially  that  about 
the  raphe,  is  spermoderm. 

Perisperm  {N). — Most  of  the  collapsed  parenchyma  consists  of  peri- 
sperm. 

Endosperm  {E), — A  layer  of  aleurone  cells,  one  thick,  with  minute 
aleurone  grams,  surrounds  the  embryo. 

Embryo  (C). — The  thin- walled  cells  of  the  cotyledon  contain  round, 
irregularly  rounded,  or  elliptical  aleurone  grains,  usually  3  to  6  /a,  reach¬ 
ing  a  maximum  of  7  in  the  inner  portion.  Minute  globoids  are  evident 
in  turpentine  mounts. 

Chief  Structural  Characters. — Achenes  small  (3  mm.). 

Epicarp  cells  low  (9  /x),  outer  walls  4.5  /x;  mesocarp  cells  small, 
finely  reticulated;  endocarp  crystals  small.  Spermoderm  with  parallel¬ 
ogram  cells  up  to  50  y  high  (lower  than  in  bull  thistle  and  burdock). 
Phytomelan  absent. 


^  Ohara  Inst,  landw.  Forseh.  Ber.  1919,  1,  428. 
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Of  the  plants  grown  for  green  forage  or  hay,  those  of  greatest  impor¬ 
tance  belong  in  the  grass  and  legume  families.  Members  of  the  cactus 
family  are  the  forage  plants  of  the  arid  southwestern  portion  of  the 
United  States.  Accordingly,  the  matter  presented  in  this  part  of  the 
volume,  which  aims  to  be  suggestive  of  the  relation  of  structure  to  com¬ 
position  but  is  obviously  far  from  exhaustive,  is  grouped  under  the  three 
heads:  grasses,  legumes,  and  cacti. 

Plants  of  other  families,  used  locally,  are  too  numerous  to  mention. 
Among  those  which  have  been  exploited  are  sunflower  (Helianthus  an¬ 
imus  L.),  Jerusalem  artichoke  (//.  tuberosus  L.),  buckwheat  (Fagopyrum 
esailentum  Monch.),  prickly  comfrey  {Symphytum  officinale  L.),  Rus¬ 
sian  spurrey  {Spergula  maxima),  chickling  vetch  {Lathyrus  sativus  L.), 
and  black  grass  {J uncus  geradi  Loisel)  of  salt  marshes. 

None  of  the  forage  plants  is  suited  for  human  food.  Although  the 
importance  of  leaf  vegetables  of  the  human  dietary,  particularly^  the 
salad  plants,  is  well  recognized,  none  of  them  approaches  in  coarseness 
the  staple  forage  plants  which  supply  domestic  animals  with  the  bulk  of 


their  food.  Not  only  do  these  plants  contain  from  20  to  40  per  cent 
(straw  up  to  50  per  cent)  of  fiber  calculated  to  the  dry  basis,  but  the 
mechanical  condition  of  the  fiber  is  harsh  and  the  presence  of  silica  in  the 

stalks  and  chaff  of  cereals  adds  further  to  their  unsuitability  to  the  diges¬ 
tive  system  of  man. 

This  group  is  as  distinctly  fibrous  as  the  cereals  are  starchy  and  the 
oil  seeds  are  oily  and  could  appropriately  be  classed  as  cellulose  foods 
The  cellulose  and  accompanying  lignin,  cutin,  suberin,  and  other  allied 
substances,  unlike  starch,  oil,  or  even  the  carbohydrate  in  the  thickened 
cell  walls  of  the  ivory  nut,  coffee  bean,  date  stone,  and  persimmon,  are 
neither  reserve  food  for  the  plant  nor  nutrient  for  animals.  Proteins 

foL  J  “""I  constituents  make  up  the  available 

feeds  such  a  in  many  cases  by  concentrated 
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{Graminese) 

The  grass  family  is  a  large  one,  and  many  of  its  species,  fresh  or  dried 
as  hay,  furnish  feed  for  stock,  although  in  any  one  region  only  a  few 
spc‘cies  or  varieties  are  actually  planted  by  the  farmer.  The  subject  is 
here  treated  briefly,  but  it  should  not  be  overlooked  that  the  grass  blade 
is  to  cattle  and  thus  indirectly  to  man  what  the  cereal  grain  is  directly 
to  man.  A  product  of  such  immeasurable  value  to  the  race  well  deserves 
a  separate  monograph  taking  due  cognizance  of  the  hitherto  untrodden 
field  of  comparative  histology. 

MACROSCOPIC  STRUCTURE. — In  diagnosis  the  macroscopic 
structure  is  more  important  than  the  microscopic,  since  grass  is  cut 
for  hay  when  in  bloom  and  the  species  is  determined  by  botanical  analysis 
with  the  aid  of  a  dissecting  lens  according  to  the  schemes  in  standard 
manuals  of  botany. 

The  culm  (stalk)  and  leaves,  which  form  a  large  part  of  the  hay,  are 
much  alike  in  general  structure  in  the  several  species — even  in  maize 
notwithstanding  the  greater  size  of  the  parts.  The  culm  is  cylindrical 
or  nearlv  so  with  a  series  of  swollen  nodes  from  which  arise  alternately 
the  leaves.  The  lower  part  of  the  leaf  clasps  the  culm  for  a  considerable 
distance  forming  a  sheath.  At  the  point  where  the  blade  begins  is  a 
short  papery  extension  of  the  sheath  known  as  the  ligule.  The  strap¬ 
shaped  leaf  blade  is  much  elongated  and  at  the  apex  is  pointed,  blunt,  or, 
as  in  the  case  of  Poa,  has  a  boat-shaped  tip.  The  midrib  is  somewhat 
more  pronounced  than  the  lateral  ribs  which  run  parallel  to  it. 

The  general  structure  of  the  flower  and  the  chaff  elements  are 
described  in  the  introduction  to  cereals.  Some  of  the  forage  grasses 
such  as  Phleum  praiense  (timothy)  have  heads  similar  to  those  of  wheat 
or  barley,  others  such  as  species  of  Poa  (June  ^rass,  etc.)  and  Agrostis 
(red-top,  etc.)  have  spreading  panicles.  The  number  of  flowers  in  the 
spikelet  varies  from  one  as  in  Agrostis  and  Phleum  to  two  or  more  as  in 
Poa,  Festuca  (fescues),  Dactylis  (orchard  grass),  etc.  Further  details 

of  the  flower  are  given  in  manuals  of  botany. 

MICROSCOPIC  STRUCTURE.— The  microscopic  structure  of  the 
mature  seed  of  forage  grasses  plays  an  important  part  in  the  examination 
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of  grass  seed  designed  for  planting.  This  subject  is  treated  in  Harz’ 
Sainenkunde.i  When  cut  in  flower,  only  the  chaff  elements  of  the 
flowering  head  show  in  any  considerable  degree  the  characteristic 
structure  of  the  mature  grain.  Hay  of  grasses  is  sold  as  such  and  not 
ground,  as  in  the  case  of  alfalfa,  or  separated  after  grinding  into  products 
and  by-products,  as  in  the  case  of  cereals,  hence  there  is  no  occasion 
for  microscopic  diagnosis,  but  as  a  stepping  stone  to  further  research 
the  minute  structure  may  prove  invaluable.  The  histology  of  the  fruit 
and  perhaps  the  leaf  may  also  throw  light  on  perplexing  problems  of 
botanical  classification,  plant  breeding,  and  other  kinds  beyond  the  scope 
of  this  work.  Only  the  general  structure  of  the  stalk  and  leaf,  with 
illustrations  drawn  from  a  representative  species,  timothy  {Phleum 
pratense),  is  here  given  consideration. 

Stalk  (Culm). — Early  histologists  noted  the  remarkable  structure  of 
the  bundle  of  the  maize  stalk.  Sachs’  illustration  of  a  cross  section 


Fig.  263.  Fig.  264. 

Fig.  263.— Timothy.  Culm  in  cross  section,  ep  epiderm;  ch  chlorophyl 
parenchyma;  scl  sclerenchyma;  vascular  bundle  with  /  sheath,  ph  phloem,  sp  spiral 
vessel,  and  pi  pitted  vessel;  p  pith.  X160.  (K.B.W.) 

Fig.  264.— Timothy.  Leaf  in  cross  section:  aep  outer  epiderm  with  sto  stoma, 
mes  mesophyl  with  fv  vascular  bundle,  iep  inner  epiderm  with  hair  and  stoma 
X160.  (K.B.W.) 


which  was  published  first  in  his  “Lehrbuch,”  later  in  both  the  German 
and  English  editions  of  De  Bary’s  “  Vergleichende  Anatomie  ”  and 
Sachs’  “  Vorlesungen,”  as  well  as  in  a  number  of  textbooks,  is  familiar 
to  every  student  of  vegetable  histology.  Even  in  imperfectly  cut  sec¬ 
tions  the  striking  appearance  of  the  bundles  and  their  even  distribution 
through  the  pith  tissues,  forming  as  it  were  islands  in  a  billowy  sea  of 
parenchyma,  once  seen  is  never  forgotten. 

Ihe  structure  of  the  stalk  bf  timothy  (Fig.  263)  differs  little  from 

1  Berlin,  1885. 
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that  of  maize  except  in  the  size  of  the  bundles  and  the  size  of  the  bundle 
elements,  notably  the  vessels.  The  tissues  are  (1)  epiderm  {ep)  of  longi¬ 
tudinally  elongated,  wavy-walled,  pitted  cells,  round  cells  and  occa¬ 
sional  stomata,  (2)  hypoderm  of  several  layers  of  thick-walled,  longi¬ 
tudinally  elongated,  pitted  sclerenchyma  cells  {scl)  interrupted  beneath 
the  epiderm  at  intervals  by  groups  of  chlorophyl  parenchyma  (ch),  and 
(3)  pith  (p)  of  large,  thin-walled,  pitted  parenchyma  with  scattered 
fibro-vascular  bundles. 

The  elements  of  the  typical  bundle  are  (1)  sheath  (/)  of  sclerenchyma 
cells,  (2)  xylem  consisting  of  two  large  pitted  vessels  {pi),  and  one  or  more 
spiral  or  annular  vessels  {sp),  arranged  in  the  point  of  a  V  which  they 
form  with  the  pitted  vessels,  (3)  phloem  (ph)  of  sieve  tubes  and  the 


Fig.  265. — Timothy.  I^af  in  surface  view,  iep  lower  epiderm  with  stomata  and 

/  hairs;  /v  fibro-vascular  bundle;  w<es  mesophyl.  X160.  (K.B.W  .) 


ticcompanying  cambiforrn  cells,  and  (4)  thin-walled  cells  adjoining  the 
vessels. 

Leaf. — The  plan  of  the  timothy  leaf  (Figs.  264  and  265)  differs  from 
tliiit  of  the  stalk  chiefly  in  that  (1)  it  has  two  epiderms  {aep;  iep)  each 
with  elongated  cells  and  numerous  stomata  (s<o),  also  short,  saw-toot  he 
hairs  on  the  margins  and  ribs,  (2)  the  bundles  (fv)  are  arranged  in  a 
single  row  and  each  one,  corresponding  to  a  rib,  extends  from  one  epi¬ 
derm  to  the  other,  and  (3)  the  mesophyl  between  the  bundles  is  rich  in 
chlorophyl  grains.  There  is  no  well-developed  palisade  layer,  the  tis¬ 
sues  under  both  epiderms  being  somewhat  loose,  thus  permitting  a 
free  exchange  of  gases  in  the  process  of  photosynthesis. 

The  parenchyma  between  the  bundles  contains  the  grea  er  par 

the  available  food  elements. 
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CHEMICAL  COMPOSITION —Analyses  of  numerous  native 
species  are  given  by  Richardson  as  an  appendix  to  Vasey’s  Agricultural 
Grasses  and  Forage  Plants  of  the  United  States/’  ^  The  summaries  of 
analyses  given  in  the  tables  on  the  two  following  pages  are  from  Jenkins 
and  Winton’s  Compilation  of  Analyses  of  American  Feeding  Stuffs.^ 
In  the  first  table  some  of  the  more  important  grasses,  including  maize, 
cured  in  the  laboratory  but  calculated  to  the  fresh  materials  are  repre¬ 
sented,  also  silage;  in  the  second  table  field-cured  hays,  corn  fodder, 
and  straw.  The  wide  range  in  composition  is  due  in  large  degree  to  the 
difference  in  the  water  content,  especially  in  the  case  of  the  green  fodder, 
but  even  when  that  element  is  eliminated  by  calculation  to  the  dry 
basis  the  range  of  protein,  fat,  fiber,  and  ash,  when  a  considerable 
number  of  analyses  is  taken  into  account,  is  often  as  one  is  to  three 
or  even  greater,  whereas  in  grain  and  seeds  it  is  usually  no  higher  than 
one  to  two.  Variety,  season,  stage  of  development,  and  care  in  handling 
are  some  of  the  causes  that  bring  about  such  wide  variation. 

Agricultural  chemical  literature  contains  some  results  on  the  indi¬ 
vidual  proteins,  carbohydrates  including  pentosans,  and  other  chemical 
constituents,  for  which  there  is  here  no  space. 

Mineral  Constituents. — The  composition  of  the  ash  of  different 
species  of  grasses  is  given  in  Wolff’s  ''Aschenanalysen  ”  (1880)  and  in 
later  works  on  agricultural  chemistry;  that  of  32  native  grasses  by 
Richardson  in  an  appendix  to  Vasey’s  “Agricultural  Grasses  and  Forage 
Plants  of  the  United  States.”  ^  The  following  averages  of  analyses  of 
meadow  hay  and  the  maize  plant  cut  when  in  bloom,  in  percentages  of 
the  dry  material,  are  fairly  representative  of  the  group : 


Composition  of  Ash  of  Meadow  Hay  and  Maize  (Wolff) 


Total 

ash 

K2O 

Na20 

CaO 

MgO 

Fe203 

P2O5 

SO3 

Si02 

Cl 

Meadow  hav . 

% 

7.06 

6.00 

% 

2.07 

2.16 

% 

0.42 

0.27 

% 

0.49 

0.81 

% 

0.27 

0.69 

% 

0.14 
0. 16 

% 

0.56 

0 . 65 

% 

0.27 

0.22 

% 

2.50 

0.87 

% 

0.41 

0 . 46 

.Maize  plant . 

Minor  Mineral  Constituents.— Results  on  these  bv  modern 
McHargue, 3  however,  obtained  the  following  in  Kentucky  blue  grass*  "ir^ntsT 
manganese  30,  copper  7.5,  and  zinc  28  mg.  per  kilo,  dry  basis  ^ 


'  U.  S.  Dept.  Agr.,  1889,  Spec.  Bui. 

2  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1892,  Bui.  11. 
’.k  .\gr.  Res.  1925,  30,  193. 
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Composition  of  Fodder  Grasses  and  Silage 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

(Ireen  Fodder 

Maize  {Zea  Moi/s): 

Min . ; . 

12h 

% 

51  5 

% 

0  5 
4.0 

1  8 

% 

0  1 

1 .0 
0.6 

2  0 

% 

3.0 

30.3 

12.2 

58.9 

5  3 

% 

1 .9 
11.4 
6.0 
24.1 

4  7 

% 

0.0 
2.0 
1  9 

Max . 

93  () 

Aver . 

79.3 

Aver,  (dry  basis) . 

8  8 

5.0 

0.7 
2  3 

Sorghum  {Andropogon  sp.): 

Min . 

11 

03 . 9 

0  9 

0  2 

Max . 

8().4 

2  0 

1  1 

21.5 

11  6 

9.1 

6  1 

Aver . 

79.4 

1.3 

0.6 

1  1 

Aver,  (dry  basis) . 

0.5 

2.3 

50  2 

29  7 

5.3 

1  3 

Rye  {Secale  cereale) : 

Min . 

7 

74.7 

2.3 

0.2 

4  9 

4  7 

Max . 

84.3 

3.0 

0.7 

12  4 

14.9 

2.4 

Aver . 

76.6 

2.6 

0.6 

6.8 

11.6 

1.8 

.\ver.  (dry  basis) . 

11.1 

2.5 

29.2 

49.5 

7.7 

Oats  (Arena  sativa): 

Min . *. . 

5 

31 .3 

1.5 

0.4 

10.8 

7.1 

1.5 

Max . 

78.0 

0.1 

3.0 

39.8 

10.8 

4.2 

Aver . 

62.2 

3.4 

1.4 

19.3 

11.2 

2.6 

Aver,  (drv  basis) . 

9.1 

3.7 

51.1 

29.5 

0.0 

Timothy  (Phleurn  pratense): 
Min . 

5() 

47.0 

1.3 

0.0 

10.1 

5.1 

1.4 

Max . 

78.7 

3.8 

2.0 

28.0 

19.4 

3.2 

Aver . 

61.6 

3.1 

1.2 

20.3 

11.8 

2.1 

Aver,  (dry  basis) . 

8.0 

3.1 

52.8 

30.7 

5.4 

June  Grass  {Poa  praterisis): 
Min . 

18 

51.7 

2.4 

0.8 

0.5 

3.8 

1.0 

Max . : . 

82.5 

7.2 

1.9 

20.0 

14.8 

4.8 

Aver . 

66.1 

4.1 

1.3 

17.6 

9.1 

2.8 

Aver,  fdrv  basis) . 

11.8 

3.7 

50.3 

20.2 

8.0 

Red  Top  {Agrostis  vulgaris): 
Min . 

5 

57.3 

2.0 

0.0 

11.7 

0.5 

1.7 

. 

70.2 

4.3 

9  9 

24.1 

15.7 

2.8 

Aver  . 

61.0 

3.3 

1.2 

19.1 

9.4 

2.3 

Avpr  hn.sis^ . 

9.4 

3.3 

53.9 

20.8 

6.0 

Tall  Oat  Grass  {Arrhenatheriui 
avenaceum) : 

\Iin  . 

3 

02.3 

1.7 

0.0 

13.0 

9.2 

1.6 

\tnv  . 

73.5 

3.3 

1.5 

20.7 

9.7 

3.0 

2.0 

6.7 

A  vpr  . 

69.6 

2.4 

0.9 

16.8 

9.4 

\\rc^r  ((\r\r  . 

7.8 

3.0 

51.8 

30.7 

Orchard  Grass  {Dactylis  glo- 
merata): 

\T!n  . 

4 

00.9 

1.9 

0.7 

9.9 

5.8 

11.1 

1.6 

2.9 

\fQV  . 

77.3 

4.1 

1.3 

10.0 

73.0 

2.6 

0.9 

13.3 

8 . 2 

A  iror  01r\7  . 

9.0 

3.3 

49.3 

30.4 

7.4 

Meadow  Fescue  {Festuca  pra- 
tensis) : 

4 

07.0 

1.8 

0.7 

12.5 

10.2 

11.3 

1.6 
9  D 

73.2 

2.9 

1.1 

15.7 

1.8 

69.9 

2.4 

0.8 

14.3 

10.8 

35.7 

.... 

8.0 

2.8 

47 . 5 

D  .  'J 

Silage 

Maize: 

99 

02.4 

0.7 

0.2 

5.1 

3.0 

in  K 

0.3 
3.3 
1  4 

87.7 

3.0 

2.0 

24.2 

11.1 

53.0 

lU.O 

C  A 

79.1 

1.7 

0.8 

D .  U 
oo 

6.6 

Aver,  (drv  basis) . 

•  •  •  • 

8.0 

3.8 

Zo .  o 
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Composition  of  Hay  of  Grasses  and  Straw 


Samples 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

Maize  {Zea  Mays): 

35 

% 

22.9 

% 

2.7 

% 

0.6 

% 

20.6 

% 

7.5 

% 

1.5 

60.2 

6.8 

2.5 

47.8 

24.7 

5.5 

42.2 

4.5 

16 

34.8 

14.3 

2.7 

A  xror  (Av^t  nQSlSI  . 

7.8 

2.8 

60.1 

24.7 

4.6 

Red  Top  {Agrosiis  vulgaris): 
jyiiii  . 

7 

6.8 

5.9 

1.4 

44.8 

24.0 

3.8 

\T  ft  Y  . 

11.6 

10.4 

3.2 

50.4 

31.8 

7.0 

j\ver  . 

8.9 

7.9 

1.9 

47.6 

28.6 

6.2 

X\r(^r  Trlrv  . 

8.7 

2.1 

52.  L 

31.4 

5.7 

Orchard  Grass  (Dactylis  glo- 
merata) : 

Min  . 

11 

6.5 

6.6 

1.7 

32.9 

28.9 

5.0 

Max . 

13.6 

10.4 

3.3 

48.6 

38.3 

7.9 

Aver . 

9.9 

8.1 

2  6 

41.0 

32.4 

6  0 

Aver,  (dry  basis) . 

9.0 

2.9 

45.4 

36.0 

9.0 

Timothy  (Phleum  pratense): 

Min . ' . 

68 

6.1 

3.8 

1.0 

34.3 

22.2 

2.5 

Max . . 

28.9 

9.7 

4.0 

58.5 

38.5 

6.3 

Aver . 

13.2 

6.9 

2.6 

46.1 

29.0 

4.  A 

Aver,  (dry  basis) . 

6.8 

2.9 

51.7 

33.5 

5.1 

Hungarian  grass  (Setaria  italica) : 
Min . 

12 

4  9 

4  7 

1  5 

44  4 

23  6 

5  0 

Max . 

9  5 

12  3 

3  5 

53  0 

31  3 

7  5 

Aver . 

7  7 

7  6 

2  1 

49'.  0 

53.1 

31.0 

50.6 

43.6 

48.1 

41.0 

Ki9  Q 

27.7 
30.0 

34.3 

42.7 

38.1 

42.1 

QO  ’7 

6  0 

6.5 

3.0 

7.0 

A  9 

Aver,  (dry  basis) . 

8  1 

2  3 

Wheat  {Triticum  sativum)  Straw: 
Min . 

7 

6  5 

2.9 

5.0 

3  4 

0.8 

1.8 

1  3 

Max . 

17  9 

Aver . 

9.S 

Aver,  (dry  basis) . 

3.8 

2  2 

1.4 

1.0 

1.6 

1  9 

4.6 

2.8 

3.6 

o  c% 

Rye  (Secale  cereale)  Straw: 

Min . 

7 

6.3 

9.7 

7  1 

Max . 

3.6 

3  0 

3  ^ 

OZ  .  4 

AO  O 

Aver . ) .  .  . 

AA  A 

*4o .  o 

oo  n 

Aver,  (dry  basis) . 

1.3 

1.7 

Q  O 

.  O 

oo .  y 

41.9 

31.8 

45.1 

37.0 

40.7 

O  .  Z 

O  A 

Oat  {Avena  safiva)  Straw: 

Min . 

12 

6.5 
IS  s 

2.7 

P,  Q 

ou ,  ^ 

oo  er 

3 . 4 

Max . 

oo .  O 

er  1  4 

3.7 

Aver . 

9 

o  y 

A  n 

O  Z 

o  o 

ol .  4 

6.7 

Aver,  (dry  basis) . 

A  A 

^  O 

o  c: 

42 . 4 

46.8 

6. 1 

‘x  .  4: 

^ .  0 

5.6 
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(Legutninosse) 


Although  a  large  family,  only  a  comparatively  few  legumes  are 
used  as  green  forage  and  fewer  still  are  cured  for  hay.  Alfalfa,  exten¬ 
sively  cultivated  in  the  arid  regions  of  the  United  States,  and  peanut 
plants,  cured  with  or  without  the  nuts  attached,  are  ground  and  bagged, 
thus  furnishing  important  commercial  feeds. 

COMPARATIVE  MACROSCOPIC  STRUCTURE— All  the  forage 
legumes  have  the  familiar  alternate,  compound  leaves  and  papilionaceous 
flowers  developing  into  fruits  with  dehiscent  pods.  The  stem  may  be 
stiff  enough  to  hold  the  plant  erect,  as  in  soy  and  alfalfa,  or  weak,  depend¬ 
ing  on  tendrils  to  hold  it  upright  as  in  the  pea.  The  hay  may  or  may 
not  contain  fruits  in  varying  stages  of  maturity. 

COMPARATIVE  MICROSCOPIC  STRUCTURE —Passing  over 
the  flowers,  which  except  for  the  calyx  tissues  that  partake  of  leaf 
structure  show  the  common  floral  elements,  and  the  fruits,  the  tissues  of 
greatest  interest  as  forage  belong  to  the  leaf.  The  cell  walls  throughout 
are  mostly  thin,  chlorophyl  is  abundant,  crystals  are  found  here  and 
there,  and  hairs,  both  unicellular  and  capitate,  occur  on  the  epidernis, 
excepting  the^  common  pea. 

The  chief  characters  of  the  lower  epiderm  of  the  species  here 
described  are  tabulated  on  the  following  page. 

The  table  does  not  include  data  on  bird’s-foot  trefoil  {Lotus  cornicu- 
latus  L. — not  to  be  confused  with  the  water  plant),  sanfoin  {Onobrychis 
saliva  Lam.  0.  vicsefolia  Scop.),  and  serradella  {Ornithopiis  sativus 
Brot.),  although  analyses  of  the  last  two,  made  prior  to  1892,  appear  in 
the  table  on  the  next  page  but  one.  These  species  were  introduced  into 
the  United  States  during  the  last  quarter  of  the  nineteenth  century 
when  the  cultivation  of  field  legumes  was  stimulated  by  the  discovery 
that  they  are  able  to  utilize  atmospheric  nitrogen,  but  for  various  reasons 
they  gave  place  to  species  better  suited  to  American  conditions. 
Repeated  attempts  to  secure  seed  from  seedsmen  for  garden  tests  and 

histological  study  were  unsuccessful. 

Seeds  of  garden  legumes,  together  with  tables  showing  their  chief 
structural  characters,  are  treated  in  Volume  II  under  Seeds  of  the  Pea 
Family,  the  peanut  and  soy  bean  in  this  volume  under  Oil  Seeds. 
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Microscopic  Characters  of  Lower  Epiderm  of  Leaves  of  Legumes 


Cell  walls 

I’nicellular  hairs 

Warts  on  hairs 

Diameter 
of  hairs  t 

Crimson  clover 
{Trifolium  incaruatum) 

straight,  finely 
beaded  * 

long,  tapering,  thick- 
walh'd 

coarse,  distinct 

.30 

.\lsike  clover 
{Trifolium  hybridum) 

straight 

'ong,  tapering,  thick- 
walled 

coarse,  indistinct 

13  p 

Peanut 

{Arachis  hypogwa) 

straight 

long,  tapering,  thin- 
walled 

none 

15m 

Alfalfa 

{M edicayo  saliva) 

wavy 

long,  tapering,  thick- 
walled 

coarse,  distinct 

15m 

Pea 

{Pisum  sativum) 

wavy,  bloom 

none 

Soy  bean 
{Soja  hispida) 

wavy 

long,  blunt,  thin-walled 

fine 

25  M 

China  bean 
( V igna  sm  en  sis) 

wavy 

long  and  short,  curved, 
thorn-like,  thick-walled 

none 

various 

\’etch 
{Vicii  sp.) 

wavy 

long,  tapering,  fiat, 
twisted,  thick-walled 

none 

15  m 

Japan  clover 
{Lespedeza  striata) 

wavy 

long,  abruptly  sharp- 
pointed 

fine 

15  M 

Red  clover 
{Trifolium  pratense) 

deeply  sinuous 
with  projections 

long,  tapering,  thick- 
walled 

coarse,  distinct 

30  m 

*  Each  cell  with  a  papilla.  f  Average  diameter  midway  between  base  and  tip. 


COMPARATIVE  CHEMICAL  COMPOSITION.— The  composition 
of  alfalfa  and  peanut  is  taken  up  in  detail  under  their  respective  heads 
in  this  volume  and  of  the  seeds  of  garden  legumes  under  Vegetables  in 
Volume  II.  Below  is  a  summary  of  analyses  of  other  members  of  the 
group  taken  from  Jenkins  and  Winton’s  Compilation  of  American 

eedmg  Stuffs.  In  the  first  table  are  analyses  of  the  green  fodder  and 
in  thu  s6cond  tabl©  of  tho  curod  hay. 

In  addition  to  the  average  composition  of  each  product  on  the  fresh 

or  air-dry  basis,  the  average  on  the  dry  basis  is  also  given  for  stricter 
comparison. 

Marked  progress  has  been  made  during  recent  years  in  the  study  of 


^  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1892,  Bui.  11. 
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Composition  of  Green  Fodder  Legumes 


Samples 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

Red  clover  {Trifoliuni  pra- 
tense): 

Min . 

43 

% 

47.1 

91.8 

70.8 

% 

1.7 

7.1 

4  4 

% 

0.3 

1.8 

1  1 

% 

% 

1.8 

14.7 
8.1 

27.8 

5.3 

9.4 

7  4 

% 

0.9 

A  n 

Max . 

o .  o 

25.8 
13.6 

45.8 

10.8 
11.5 
11  1 

Aver . 

9  1 

Aver,  (drv  basis) . 

15  3 

3.9 

0.6 

1  2 

7  2 

Alsike  clover  {Trifolium  hrj- 
hridum): 

Min . 

4 

72  3 

3  6 

1.9 

2.1 

2  0 

Max . 

77  3 

4  2 

Aver . 

74.8 

3  9 

0  9 

Aver,  (dry  basis) . 

15.3 

3.7 

44.0 

29  2 

7  8 

China  bean  {Vigna  sinen¬ 
sis): 

Min . 

10 

72.8 

1.5 

0.2 

1.8 

1.7 

1.2 

Max . 

93. 1 

3.5 

0.6 

12.9 

15.3 

2.7 

Aver . 

83.6 

2.4 

0.4 

7.1 

4.8 

1.7 

Aver,  (dry  basis) . 

Soy  bean  {Soja  hispida) : 
Min . 

•  M  •  •  • 

6 

69.4 

14.3 

2.2 

2.6 

0.7 

43.6 

5.8 

29.0 

5.6 

10.5 

2.2 

Max . 

81.2 

3.9 

1.5 

16.0 

8.9 

2.6 

Aver . 

74.8 

3.0 

1.0 

11.6 

7.3 

2.4 

Aver,  (dry  basis) . 

12.0 

3.8 

45.7 

29.0 

9.5 

Spring  vetch  ( Vida  saliva) : 
Min . 

5 

76.4 

4.0 

0.5 

4.4 

1.5 

1.5 

Max . 

87.1 

4.8 

0.8 

‘  11.4 

4.5 

2.1 

Aver . 

83.8 

4.4 

0.6 

6.6 

2.8 

1.8 

Aver  tdrv  basis)  . 

28.2 

5.0 

39.8 

16.7 

11.2 

Winter  vetch  ( Vida  mllosa) ; 
Min  . 

4 

68.2 

3.1 

0.3 

6.8 

4.6 

1.8 

. 

78.0 

5.2 

1.3 

14.7 

8.7 

3.5 

Avpr  . 

74.6 

4.2 

0.7 

11.2 

7.0 

2.6 

Airor  hnsis) 

16.8 

2.6 

42.8 

27.7 

10.0 

Sainfoin  {Onohrychis  saliva) : 
Min  ,  , . 

2 

73.2 

3.6 

0.6 

7.9 

4.9 

2.1 

A/T  n  Y  . 

77. 1 

4.6 

1 .0 

15.2 

5.9 

3  9 

A  \rpr  . 

76.1 

4.1 

0.8 

11.6 

6.4 

3.0 

16.8 

3.3 

45.5 

22.1 

12.3 

Serradella  {Ornilhopvs  sali¬ 
vas)  : 

0 

()5.6 

2.  I 

0  4 

3.9 

2.0 

1.8 

]VT  n  V  . 

85.8 

3.6 

1  .8 

17.1 

7.8 

5.8 

79.4 

2.6 

0.7 

8  6 

6.4 

3.2 

13.6 

18.6 

39.8 

26.2 

17.8 

_ _ _ 

- - — - — 

— 

— 

— - 

- - 
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Composition  of  Hay  of  Legumes 


Red  clover  {Trifolium,  pratense): 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

Red  clover  {Trifolium  jnedium): 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

Alsike  clover  {Trifolium  hy- 
bridum) : 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

China  bean  {Vigna  sinensis): 

Min . 

Max . . 

Aver . 

Aver,  (dry  basis) . 

Soy  bean  {Soja  hispida) : 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

Spring  vetch  {Vida  saliva): 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

Winter  vetch  {Vida  villosa): 

(dry  basis) . 

Japan  clover  {Lespedeza  striata) : 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 

Serradella  {Ornithopus  salivus) : 

Min . 

Max . 

Aver . 

Aver,  (dry  basis) . 


Samples 


38 


10 


9 


8 


1 

2 


Water 


% 

6.0 

31.3 

16  3 


7.3 

29.4 

21.2 


5.3 

13.9 

9.7 


7.6 

14.0 

10.7 


6.1 
6.5 
6  3 


8.4 

11.1 

9.6 

11  .6 


9.1 

12.8 

11  0 


7.2 
11.7 

9.2 


Protein 


% 

10.0 
20.8 
12  3 

14.5 

9.0 

16.8 

10.7 

13.5 


9.2 

16.1 

12.8 

14.2 

13.6 

20.3 

16.6 
18.6 

14.1 
14.9 

14.5 

15.5 

13.1 
16.0 
14  6 
16.0 

23.1 

26.2 

13.7 

13.8 
13  8 

15.4 

13.9 

16.6 
16.2 
16.8 


n  Fat 

N-f.  ext 

Fibei 

Ash 

% 

% 

% 

% 

1.5 

27.3 

15.6 

3.9 

5.9 

52.2 

35.7 

8.3 

3  3 

38  1 

24.8 

6  2 

3.9 

45.2 

29.1 

7.3 

1.6 

28.6 

18.3 

4.5 

5.3 

44.4 

29.4 

9.5 

3  9 

36.6 

24.6 

6.1 

4.9 

43.0 

31.3 

7.3 

1.6 

35.6 

19.7 

6.1 

4.2 

45.9 

29.5 

12.2 

2  9 

40  7 

26.6 

8  3 

3.2 

44.9 

28.4 

9.3 

1.1 

39.4 

16.4 

3.2 

3.7 

49.5 

26.0 

10.2 

2  9 

42.2 

20.1 

7.6 

3.2 

47.2 

22.5 

8.5 

5.3 

45.2 

19.5 

6.1 

5.9 

48.1 

20.4 

8.0 

5.6 

46.7 

19.9 

7.0 

5.9 

49.6 

21.3 

7.5 

2.1 

37.3 

26.1 

7.1 

2.4 

40.1 

28.1 

7.7 

2.4 

39.0 

27.2 

7.4 

2.6 

43.2 

30.0 

8.2 

3.0 

36.6 

19.7 

5.8 

3.4 

41.5 

22.3 

6.6 

3.4 

30.6 

21.6 

4.1 

4.0 

47.5 

26.5 

12.8 

3  7 

39  1 

24  0 

8  6 

4.1 

43.8 

27.0 

9.5 

2.2 

40.6 

19.4 

5.4 

2.9 

46.0 

23.0 

10.3 

2  6 

44.1 

21.6 

7.2 

2.8 

48.5 

23.8 

8.0 
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Mineral  Constituents. — The  following  average  ash  analyses  from 
W  olff’s  “Aschenanalysen”  (1880),  calculated  to  the  dry  material,  are 
fairly  representative  of  the  group.  As  compared  with  analyses  of  hay 
of  grasses  they  show  higher  percentages  of  lime  and  lower  percentages 
of  silica. 


Composition  of  Ash  of  Forage  Legumes  (Wolff) 


Total 

ash 

K2() 

Na20 

CaO 

MkO 

Fe208 

P2O5 

SO3 

Si02 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

.\lfalfa . 

7.46 

1.83 

0.15 

3.15 

0.39 

0.10 

0.66 

0.44 

0.45 

0.26 

K»*d  clover . 

6.83 

2.20 

0. 14 

2.41 

0.74 

0.07 

0.67 

0.21 

0.16 

0.27 

Crimson  clttver . 

6.08 

1.40 

0.52 

1.92 

0.37 

0. 12 

0.43 

0. 15 

0.99 

0.22 

•Alsike  clover . 

4.76 

1.32 

0. 15 

1.62 

0.60 

0.02 

0.48 

0.20 

0. 19 

0.26 

White  clover . 

7.16 

1.21 

0.54 

2.31 

0.72 

0. 17 

1.01 

0.58 

0.30 

0.26 

Pea  plant . 

7 . 49 

2.79 

0.28 

1.88 

0.76 

0.06 

0.82 

0.62 

0. 10 

0.24 

\’etch . 

10.05 

3.39 

0 . 68 

2.74 

0 . 64 

0. 10 

1.28 

0.34 

0.59 

0.37 

ALFALFA 

Medicago  saliva  (L.)  Mill.  =  Medica  saliva  L. 

Fr.  Lucerne.  Sp.  Alfalfa.  It.  Medica.  Ger.  Luzerne. 

Alfalfa  is  a  native  of  western  Asia.  It  was  introduced  into  Greece 
at  the  time  of  the  Persian  war,  470  b.c.,  both  its  Greek  and  Latin  names 
being  derived  from  the  country  of  origin.  Media.  As  a  forage  and  soil¬ 
ing  crop  it  is  today  highly  esteemed,  because  of  its  productiveness, 
especially  in  arid  regions  such  as  the  southwestern  states  of  the  United 
States.  Because  of  its  brittleness  alfalfa  hay  is  difficult  to  handle, 
hence  the  now  extensive  industry  of  grinding  the  crop  and  shipping  in 
bags  as  alfalfa  meal.  Although  the  aim  is  to  cut  the  crop  when  in 
flower,  fruits  and  seeds  occur  in  commercial  meal.  Being  perennial 
it  often  persists  as  a  weed  and  the  seed  occurs  as  a  contamination  in 

wheat  and  other  grain. 

MACROSCOPIC  STRUCTURE.— The  slem  is  smooth  and  more  or 
less  woody.  Fig.  2G6  shows  the  characters  of  the  leaf  (I),  stipule, 
flower  (II),  pod  (IV),  and  seed  (III).  The  blue,  yellow,  green,  or  white 
flowers  are  borne  in  racemes  and  are  followed  by  the  coiled  pods  which 
are  brown  at  maturity  and  contain  dull,  greenish  brown  seeds  up  to 
3  mm.,  without  accompanying  caruncle  or  hiluiii  cushion. 

MICROSCOPIC  STRUCTURE.— K.  B.  Wintoii  ‘  has  studied  the 
comparative  histology  of  alfalfa  and  red  and  alsike  clovers. 

1  Bot.  Gaz.  1914,  67,  53. 
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Stem  (Fig.  267);— The  tissues  are  (1)  epidenn  {ep)  of  somewhat 
elongated  cells  and  stomata,  (2)  cortex  with  collenchyma  at  the  angles, 
(3)  crystal  cells  in  a  single  layer,  much  like  those  of  the  leaf,  (4)  bast 
fibers  (p)  forming  the  wedge-shaped  groups  of  the  fibro- vascular 
bundles,  (5)  phloem,  (6)  xylem  with  porous  {ta)  and  spiral  {sp)  vessels  as 

well  as  wood  fibers  {f~),  and  (7)  pith. 

Leaf  (Fig.  268). — Beginning  with  the  outer  surface  the  tissues  are 
(1)  lower  epiderm  consisting  of  wavy-walled  cells,  stomata  {sto),  and 
numerous  thick-walled,  unicellular,  crooked,  warty  hairs  (tp  up  to 
over  1.5  mm.  long  and  about  15  fx  broad,  with  narrow  lumen,  and  occa¬ 
sional  multicellular,  capitate  hairs  (t'^),  (2)  rnesophyl  of  characterless 
chloroph}^  cells  and  bundles  accompanied  by  cells  containing  single 


Fig.  266. 


Fig.  267. 


Fig.  266.  Alfalfa.  I  leaf.  XL  II  flower.  X3.  Ill  seed.  X3.  I\'  fruit 

X3.  (K.B.W.) 

Fig.  267.  Alfalfa.  Elements  of  stem  in  surface  view,  ep  epiderm'  /'  })ast 
fibers;  /2  wood  fibers;  sp  spiral  and  fa  pitted  vessels.  X160.  (K.B.W.)' 


iiionoclinic  crystals  (cr)  about  18  ix  long,  (3)  palisade  cells,  half  as  broad 
as  high,  and  (4)  upper  epiderm  with  strongly  wavy-walled  cells,  stomata, 
and  occasional  hairs  like  those  of  the  lower  epiderm. 

Flower— The  calyx  tissues  are  very  similar  to  those  of  the  leaf 
except  that  on  the  lobes  the  hairs  are  long  with  broad  lumens.  Papil¬ 
lose  epidermal  cells  with  striate  cuticle  characterize  the  corolla  of  this 
as  well  as  other  common  legumes. 

Pericarp  (Fig.  269).-Thin-walled  unicellular  and  capitate  hairs  are 
present  on  the  ovary  but  many  of  these  drop  off  during  the  ripening 
of  the  pod  leaving  thick-walled  scars  (.r)  on  the  epicarp  {aep)  Fibers 
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and  10  /X  broad  with  thin  cuticle  {cut)  and  light  line  (Z)  7  from  the 
rounded  outer  end,  (2)  subepidennal  cells  {sub),  only  about  6  fi  high  but 
up  to  30  /X  broad,  with  marked  ribs,  and  (3)  parenchyma  {p),  more  or 
less  compressed. 

Fig.  271  show's  the  elements  in  surface  view.  The  parenchyma  in 
the  outer  layers  {p^)  is  w'ithout  intercellular  spaces;  in  the  inner  layers 
(p“)  it  is  a  typical  spongy  tissue. 

Endosperm  (Fig.  270,  E;  Fig.  271).— This  consists  of  a  single  aleurone 
layer  {ep)  and  several  cell  layers  of  larger  empty  cells  {p^),  the  thin 


Fig.  268.  Fig.  269. 

Fig.  268. — Alfalfa.  I^wer  epiderm  of  leaf  in  surface  view  with  P  warty  hair, 
<2  capitate  hair,  and  sto  stoma;  cr  crystal  cells  accompanying  fibro-vascular  bundle. 
XI 60.  (K.B.W.) 

Fig.  269.— Alfalfa.  Elements  of  pod  in  surface  view,  aep  epicarp  with  x  hair 

scar;  /  fibers;  cr  crystal  cells;  xcp  endocarp.  X160.  (K.B.W.) 


walls  of  which  have  mucilaginous  secondary  thickening  which  disappears 
in  water  mounts. 

Embryo.— The  cotyledons  (Fig.  270,  C)  consist  of  thin-walled  cells 
which,  beneath  the  inner  epiderm,  are  palisade-shaped.  Small  aleurone 
grains  {al)  and  fat  but  no  starch  arii  the  contents. 

Chief  Structural  Characters.— Leaves  trifoliate,  flowers  papil¬ 
ionaceous  with  hairy  lobed  calyx,  pod  spiral  with  seeds  up  to  3  mm. 
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Epidermal  colls  of  loaves  wavy-walled  (in  alsike  clover  straig:ht); 
unicellular  hairs  distinctly  warty  (in  alsike  clover  indistinctly),  about 
15 /X  wide  (in  red  clover  about,  30  m)  ;  crystal  cells  in  stem  mesophyl 
and  mesocarp;  palisade  cells  of  seed  up  to  35  /x  high  (in  red  and  alsike 
clovers  higher),  rounded  at  top  (in  red  clover  flat);  subepiderm  of  low 
(6  /x)  but  broad  (30  /x)  ribbed  cells;  endosperm  of  aleurone  cells  and 
collapsed  mucilage  cells;  eotyledon  characterless,  starch-free. 


Fig.  270. 


Fig.  271. 


Fig.  270. — Alfalfa.  Seed  in  cross  section.  S  spermoderm:  pal  palisade  cells 
with  cut  cuticle  and  I  light  hne,  sub  subepiderm,  p  parenchyma.  E  endosperm. 
C  cotyledon:  ep  outer  epiderm,  mesophyl  with  al  aleurone  grains.  X 160.  (K.B.W.) 

Fig.  271. — Alfalfa.  Elements  of  seed  in  surface  view.  Spermoderm:  pal^ 
outer  and  pal* 'inner  ends  of  palisade  cells,  sub  subepiderm,  p^  outer  parenchyma, 
p*  spongy  parenchyma.  Endosperm:  ep  aleurone  cells,  p*  parenchyma.  X  160. 
(K.B.W.) 


CHEMICAL  COMPOSITION.  Green  Alfalfa. — Twenty-three  anal¬ 
yses  of  green  alfalfa  hay  made  prior  to  1890  at  the  New  York,  New 
Jersey,  Pennsylvania,  and  Colorado  Experiment  Stations  and  the  U.  S. 
Department  of  Agriculture,  as  compiled  by  Jenkins  and  Winton,i  con¬ 
tained  as  follows: 


Composition  of  Green  Alfalfa  Hay 


Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Min . 

% 

49.30 

82.03 

71.75 

% 

3.50 

7.69 

4.84 

% 

0.49 

2.17 

0.97 

% 

7.87 

26.18 

12  39 

%  . 

2.54 

14.81 

7  39 

% 

1.78 

5.14 

2.66 

Max . 

Aver . 

^  U.  S.  Dept.  Agr.,  Off.  Exp.  Sta.  1892,  Bui.  11. 
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Alfalfa  Hay.  Headden  ^  has  determined  the  composition  of  air-dry 
alfalfa  hay  of  three  cuttings  and  at  three  stages  of  development  for  each 
cutting,  as  shown  below: 


Composition  of  Alfalfa  Hay  (Headden) 


Water 

Protein 

Vtxi 

ext. 

I'iber 

Ash 

/ 

% 

% 

% 

% 

% 

% 

First  cuttinf?: 

Eiirly  bloom .... 

7.22 

15.10 

1.15 

30.17 

30.49 

9.81 

Half  bloom . 

7.92 

14.40 

1 .20 

31 .07 

32.80 

11.89 

Full  bloom . 

0.38 

15.73 

1 .31 

31.11  ‘ 

34.91 

10.57 

Second  cutting: 

Eiirly  bloom .... 

4.43 

17.08 

1.71 

30.01 

27.47 

12.70 

Half  bloom . 

9.48 

17.14 

1.50 

30.27 

24.27 

11  34 

Full  bloom . 

8.50  . 

10.41 

1.78 

30.24 

27.11 

9.91 

Third  cut t inf?: 

Early  bloom .... 

8.04 

10.53 

1.72 

30.57 

24.30 

12.24 

Half  bloom . 

7  43 

15.52 

1.52 

33.92 

30.55 

11  07 

Full  bloom . 

8.30 

15.59 

1.83 

33.38 

30.18 

10.00 

A  more  detailed  analysis  by  Headden  ^  of  the  hay  cut  when  coming 
into  bloom  yielded:  water  7.21,  protein  15.16,  fat  (ether  extract)  1.15, 
invert  sugar  none,  sucro.se  trace,  dextrin  trace,  starch  1.11,  xylan  by 
acid  3.76,  xylan  by  alkali  0.15,  lignones  6.66,  soluble  in  alcohol  (sugar, 
etc.,  deducted)  13.87,  soluble  in  water  (dextrin,  etc.,  deducted)  11.88, 
cellulose  25.59,  ash  9.81,  and  undetermined  3.65;  total  100.00  per  cent. 

Parts  of  Plant— ThQ  loss  in  moisture  of  alfalfa  hay  during  curing  was 
found  by  Headden  ^  to  vary  from  70.90  to  74.79  for  the  hrst  cutting  and 
from  62.91  to  74.50  per  cent  for  the  second  cutting. 

In  addition  to  analyses  of  the  hay  of  different  cuttings  and  different 
stages  of  maturity  Headden  *  reports  analyses  of  the  different  parts  of 
the^^plant  including  the  seeds,  flowers,  leaves,  .stems,  stubble,  roots,  bark 
of  root,  and  inside  portion  of  roots.  Only  the  edible  parts  are  included 

in  the  table  at  the  top  of  the  following  page. 

Jacob.son  and  Holmes  ^  found  in  a  sample  of  alfalfa  seed:  water 
6.35,  protein  35.88,  fat  (ether  extract)  11.39,  nitrogen-free  extract  32.43, 
fiber  10.52,  and  ash  3.43  per  cent.  Gasolene  extraction  yielded  1.92 
per  cent  less  fat  than  ether  extraction.  The  determinations  of  the 
values  of  the  oil,  as  given  below,  were  made  on  the  gasolene  extract. 

’  Colorado  Agr.  Exp.  Sta.  1897,  I3ul.  39. 

2  Ibid.  1890,  Hul.  36. 

■’.I.  Am.  Chern.  Soc.  1910,  38,  480. 
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Composition  of  Parts  of  Alfalfa  Plant  (Headden) 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Seed . 

1 

% 

6.35 

% 

29.26 

% 

14.41 

% 

37.04 

% 

9.35 

% 

3.19 

Flowers . 

1 

4.46 

21.33 

2.11 

42.77 

19.92 

9.41 

Leaves : 

Min . 

7 

4.49 

20.29 

2.88 

40.60 

10.66 

11.39 

Mn.Y  . 

8.62 

24.33 

4.28 

41.77 

16.16 

14.50 

Stems . 

1* 

5.41 

6.31 

0.94 

28.03 

54.40 

4.91 

Analyses  of  the  whole  plant,  the  leaves,  and  the  stems  at  different 
stages  of  maturity  during  two  years  have  been  made  by  Swanson  and 
Latshaw  ^  as  shown  on  the  following  page.  The  maximum  yield  per 
acre  of  each  nutrient  (except  fat)  in  1914  was  when  the  plant  was  in  bud 
and  of  each  nutrient  without  exception  in  1915  was  when  the  plant  was 
in  full  bloom.  These  statements  apply  to  the  leaves  and  the  stems  as 
well  as  to  the  whole  plant. 

Alfalfa  Feeds. — Alfalfa  meal  consisting  of  the  ground  hay,  alfalfa 
leaf  meal  consisting  of  the  ground  leaves  separated  from  the  hay,  and 
alfalfa  stem  meal  consisting  of  the  ground  residue  after  removal  of  the 
•leaves,  are  now  sold  in  large  quantities  in  the  United  States  and  are 
subject  to  inspection  under  state  feed  laws.  The  general  composition 
of  these  products  is  well  illustrated  by  the  following  summary  of  official 
analyses  made  under  the  direction  of  Traps  and  reported  by  Fuller :  ^ 


Composition  of  Alfalfa  Feeds 


Samples 

Water 

Alfalfa  meal: 

Min . 

46 

% 

5.80 

13.13 

8  61 
7.89 

4.45 

9.38 

7.36 

Max . 

Aver . 

Alfalfa  leaf  meal: 

Alfalfa  stem  meal: 

Min . 

1 

10 

Max . 

Aver . 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

12.39 

1.15 

32.45 

21.42 

7.17 

17.78 

2.62 

42.80 

34.30 

10.58 

16  29 

1.70 

36.88 

29.12 

8  40 

21.40 

3.12 

41.12 

13.62 

12.85 

10.66 

1.12 

33.86 

31.18 

6.06 

13.07 

1.61 

40.12 

38.83 

7.01 

11.66 

1.40 

37.78 

36  33 

6.67 

Ind.  Eng.  Chem.  1916,  8,  726. 

2  Texas  Agr.  Exp.  Sta.  1929,  Bui.  404. 
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Composition  of  Alfalfa  at  Different  Stages,  Sampled  When  Cut 

(Swanson  and  Latsiiaw) 


(Results  calculated  to  10  per  cent  water  content) 


In  whole 
plant 

Protein 

ITit 

N-f.  ext. 

Fiber 

Ash 

Year  1914 

% 

% 

% 

% 

% 

% 

Whole  plant: 

Bud . 

100.00 

19.65 

2.36 

35  06 

22.50 

10  53 

1/10  bloom .  . 

100.00 

18.38 

2  93 

35.41  * 

23.58 

9.59 

Full  bloom .  , 

100.00 

16.30 

3.77 

36.07 

25.01 

8.79 

Seed . 

100.00 

14.97 

3.54 

37.37 

26.53 

7.54 

I>eaves: 

Bud . 

57.57 

26.17 

3.27 

36.01 

13.64 

10.78 

1  TO  bloom.  . 

56.40 

26.16 

4.06 

37.40 

14.06 

10.52 

Full  bloom .  . 

51.54 

22.10 

5.72 

39.32 

13.66 

9.11 

Seed . 

43.50 

21.25 

5.48 

39.66 

14.55 

8.70 

Stems: 

Bud . 

42.43 

12.57 

1 .23 

33.92 

33.54 

8.78 

1/10  bloom.  . 

43.61 

10.63 

1.33 

32.97 

35.12 

7.97 

Full  bloom .  . 

48.22 

9.72 

1.22 

35.83 

36.33 

7.62 

Seed . 

56.51 

10.22 

1.39 

34.86 

36.41 

7.12 

Year  1915 

Whole  plant : 
Bud . 

100.00 

19.94 

1.67 

31.29 

26 . 86 

10.24 

1/10  bloom .  . 

100.00 

16.12 

1 .82 

32.08 

30.80 

9.18 

F ull  bloom .  . 

100.00 

15.70 

2.03 

32.62 

30  90 

8.76 

Seed . 

100.00 

14.48 

1.93 

33.95 

31.56 

8.08 

Leaves: 

Bud . 

47.89 

27.30 

3 . 56 

32  91 

15.58 

10.63 

1  /T  0  bloom .  . 

41.54 

24.60 

3.29 

33.44 

18.04 

10.64 

Full  bloom.  . 

37.65 

22.70 

3.60 

37.78 

15.91 

10.01 

Seed . 

36.58 

22.21 

3.11 

37.91 

17.28 

9.49 

Stems: 

8.77 

Bud . 

52.11 

13.04 

0.99 

30 . 58 

36 . 62 

1/10  bloom .  . 

58.46 

10.80 

0.96 

38.85 

40.60 

6.74 

Full  bloom .  . 

62.35 

9.83 

0.97 

29.15 

43.37 

6.38 

Seed . 

63.42 

8.91 

1 .02 

29.79 

43.21 

7.07 

Proteins.-!  >uring  the  year  1921  papers  (loscril)in!?  work  on  the  pro¬ 
teins  of  alfalfa  were  published  by  investisators  connected  with  three 
Kxperinient  Stations,  namely:  Dowell  and  .Vlenaul  (Oklahoma),  I\Ii  er 
(OreKon),  and  Osborne,  Wakeman,  and  Leavenworth  (Connecticut) 
Following  the  same  method  employed  in  the  case  of  pecans,  pcanii  s, 
and  kafir,  namely,  extraction  with  dilute  sodium  hydroxide  solution  and 
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precipitation  with  acetic  acid,  Dowell  and  Menaiil  i  separated  the  greater 
part  of  the  protein  matter  from  alfalfa  and  determined  the  nitrogen  dis- 


procedure  are  of  greater  value  than  those  on  the  individual  proteins. 

Preliminary  experiments  by  Miller  -  showed  a  preponderance  of 
nitrogen  soluble  in  salt  solution  in  alfalfa  seed,  but  difficulties  were  expe¬ 
rienced  in  an  attempt  to  isolate  a  pure  globulin  from  this  source.  The 
following  amounts  of  nitrogen  were  dissolved  by  shaking  2  grams  of  the 
ground  seed  with  100  cc.  of  each  of  the  solutions  named  and  allowing  to 
stand  for  14  hours:  0.5  per  cent  aqueous  potassium  hydroxide,  4.65; 
0.5  per  cent  alcoholic  potassium  hydroxide,  3.78;  5  per  cent  salt  solution, 
3.33;  5  per  cent  alcoholic  salt  solution,  1.34;  alcohol,  0.71;  and  water, 
2.01  per  cent.  The  alcohol  in  each  case  was  a  mixture  of  equal  volumes 
of  95  per  cent  alcohol  and  water. 

The  seed  was  then  extracted  on  a  large  scale  with  0.5  per  cent  aqueous 
potassium  hydroxide  and  the  protein  matter  precipitated  from  the 
solution  by  coagulation  with  acetic  acid.  After  filtering  it  was  washed 
first  with  dilute  alcohol,  then  with  an  alcohol  of  increasing  strength  up  to 
absolute,  and  finally  dried.  The  preparations  contained  on  an  average 
carbon  53.12,  hydrogen  6.95,  nitrogen  15.54,  and  sulphur  0.70  per  cent, 
calculated  to  the  water-  and  ash-free  basis.  The  nitrogen  distribution 
in  this  material  is  shown  below. 

The  same  author  ^  made  a  protein  preparation  from  alfalfa  hay  using 
a  method  similar  to  that  described  above.  The  preparation  contained 
nitrogen  12.9,  sulphur  0.85,  and  ash  1.27  per  cent.  Repeated  precipita¬ 
tion  failed  to  raise  the  nitrogen  content  above  13  per  cent.  The  dried 
“  protein  ”  would  not  dissolve  in  cold  alkali  and  only  with  difficulty  in 
alcoholic  alkali,  decomposing  in  the  latter  case. 

Osborne,  Wakeman,  and  Leavenworth  were  able  by  high  pressure 
to  obtain  from  ground  green  alfalfa  the  greater  part  of  the  undiluted 
juice,  containing  about  10  per  cent  of  solid  matter,  partly  in  colloidal 
solution.  To  complete  the  extraction  they  digested  the  residue  several 
times  with  water,  employing  pressure  to  remove  the  liquid.  In  this 
manner  over  45  per  cent  of  the  total  dry  matter,  42.7  per  cent  of  the 

ash-free  dry  matter,  and  43.8  per  cent  of  the  total  nitrogen  of  the  plant 
were  removed. 


On  addition  of  20  per  cent  of  alcohol  to  the  total  liquid  a  flocculent 
precipitate  containing  over  11  per  cent  of  nitrogen,  was  obtained  On 
treatment  with  75  per  cent  alcohol  containing  hydrochloric  acid  to 
remove  calcium  phosphate  and  calcium-organic  compounds  consisting 


M.  Biol.  Chem.  1921,  46,  437. 

M.  Am.  Chem.  Soc.  1921,  43,  906. 


Mbid.  1921,  43,  2656. 

^  J.  Biol.  Chem.  1921,  49,  63. 
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largely  of  pigments  similar  to  flavoring  derivatives,  the  nitrogen  content 
was  raised  to  over  15  per  cent.  Further  purification  was  effected  by 
dissolving  in  dilute  alkali  and  reprecipitation  with  hydrochloric  acid,  thus 
securing  a  substance  (“  colloidal  protein  ”)  with  over  16  per  cent  of 
•nitrogen.  The  suspended  colloidal  protein  combines  with  hydro¬ 
chloric  acid  at  room  temperature  without  dissolving,  forming  a  jelly  on 
heating.  ith  dilute  alkali  it  gels  at  room  temperature. 

The  filtrate  from  the  flocculent  precipitate,  although  rich  in  nitrogen, 
contained  only  1  per  cent  of  the  total  protein  of  the  plant,  the  form  being 
apparently  that  of  a  proteose. 

The  residue  after  removal  of  the  water-soluble  matter  from  the 
original  material  yielded,  on  successive  extraction  with  93  per  cent 
alcohol,  0.3  per  cent  alkali  in  water,  and  0.3  per  cent  alkali  in  alcohol, 
respectively,  6.4,  5.2,  and  17.8  per  cent  of  the  total  ash-free  solids  and  2, 
7,  and  39.3  per  cent  of  the  total  nitrogen.  About  60  per  cent  of  nitrogen 
soluble  in  alcoholic  alkali  (nearly  24  per  cent  of  the  total  nitrogen)  could 
be  precipitated  by  acid.  The  final  residue  contained  29.1  per  cent  of 
the  ash-free  solids  and  5.3  per  cent  of  the  total  nitrogen. 

Amino  Adds  of  Alfalfa  Protein. — Jones,  Gersdorff,  and  Moeller^ 
obtained  in  the  protein  isolated  by  Osborne  the  following  figures:  cystine 
0.93  and  tryptophane  2.86  per  cent. 

Nitrogen  Distribution  in  Alfalfa  Proteins. — The  following  results  by 
Miller  ^  and  by  Dowell  and  Menaul  ^  were  secured  by  Van  Slyke’s 
method: 


Alfalfa  seed 
I)r()tein 
(Miller) 

.'Mfalfa  hay 
f)rotein 
(Miller) 

Alfalfa 
protein 
(D.  and  M.) 

TTiimin  N  . ' . 

% 

4.41 

1.01 

21.38 

6.11 

5.42 
47.87 

5.32 

8.67 

% 

6.11 

0.91 

13.82 

11.04 

3.33 

55.98 

2.38 

6.18 

% 

7.80 

0.85 

11.01 

5.26 

6.26 
53.53 

8.48 

6.80 

f^vatlnp  N  . 

Arcrininp  N  . 

T  .vHinp  N  . 

Hiatirlinp  N  . 

\Jr\rk  ^  filfrn.fp . . . 

A  m irl  A  M  . . 

Q 1  ^  rppnvprpH  . 

100.19* 

99.75* 

99.99 

*  Corrected  for  solubility  of  bases. 


M.  Biol.  Chem.  1924,  62,  183. 


*  Loc.  cit. 
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Miller  found  that  about  28  per  cent  of  non-protein  nitrogen  was 
readily  soluble  in  water  regardless  of  the  degree  of  fineness  of  the  ay. 
The  purine  fraction  contained  3.2  per  cent  of  the  total  nitrogen. 

Nitrogen  Distribution  in  Alfalfa. — Hamilton,  Nevens,  and  Grind  ey 
determined  the  nitrogen  distribution  directly  in  alfalfa  without  attempt¬ 
ing  to  separate  the  protein  matter  from  other  substances.  Their  results 
follow:  humin  nitrogen  7.36,  arginine  nitrogen  8.00,  cystine  nitrogen 
0.99,  histidine  nitrogen  3.93,  lysine  nitrogen  4.43  (total  basic  or  di-amino 
nitrogen  17.35),  mono-amino  nitrogen  in  filtrate  from  bases  38.03,  non¬ 
amino  nitrogen,  etc.,  in  filtrate  from  bases  2.51,  ether-soluble  nitrogen 
0.55,  alcohol-soluble  nitrogen  1.85,  non-protein  nitrogen  soluble  in  cold 
1  per  cent  trichloracetic  acid  in  filtrate  from  colloidal  iron  16.69,  amide 
nitrogen  8.17,  and  nitrogen  lost  in  method  of  analysis  4.73  j  total  97.24 
per  cent. 

Free  Amino  Acids,  Polypeptides,  Amides,  and  Bases.  In  the 

“  alfalfa  filtrate  ’’  from  the  expressed  alfalfa  juice,  after  precipitation 
of  the  protein  by  alcohol  added  to  53  per  cent  concentration,  Vickery  ^ 
separated  asparagine  amounting  to  1.8  per  cent  of  the  organic  solids  and 
containing  5.8  per  cent  of  the  nitrogen  present  in  the  filtrate  but  repre¬ 
senting  only  one-third  of  the  amide  nitrogen  as  determined  by  Sachsse’s 
method.  Only  13.6  per  cent  of  the  total  nitrogen  was  present  in  amino 
form,  hence  the  amount  of  free  amino  acids  was  small.  A  small  amount 
of  tyrosine  was  isolated  and  the  presence  of  a  small  amount  of  polypep¬ 
tides  indicated. 

In  later  work  Vickery  ^  isolated  the  following  amounts  of  bases 
expressed  in  terms  of  percentages  of  the  organic  solids  of  the  concen¬ 
trated  filtrate:  arginine  0.30,  lysine  0.04,  stachydrine  2.15,  choline  0.14, 
a  base  containing  about  50  per  cent  of  nitrogen  and  yielding  a  picrate 
melting  at  298°  C.  0.16,  and  a  chloride  of  a  purine  0.03  per  cent.  Together 
these  represent  13.6  per  cent  of  the  nitrogen  of  the  filtrate. 

The  base  combined  to  form  a  picrate  was  found  by  Vickery  and 
Leavenworth^  to  be  adenine.  It  constituted  0.012  per  cent  of  the  fresh 
plant  and  contained  2.72  per  cent  of  the  nitrogen  in  the  filtrate. 

In  the  “  alfalfa  filtrate,’'  after  removal  of  the  precipitate  formed  by 
barium  hydroxide  and  alcohol  and  by  mercuric  nitrate  and  sodium  car¬ 
bonate,  Vickery  ^  precipitated  the  quaternary  bases  with  phosphotungstic 
acid.  The  nitrogen  in  this  precipitate  represented  8.48  per  cent  of  the 
nitrogen  in  the  alfalfa  filtrate,”  of  which  6.09  per  cent  was  contained 

stachydrine,  0.58  per  cent  as  choline,  0.13  per  cent  as  trimethylamine, 


'  J.  Biol.  Chem.  1921,  48,  249. 
2  Ibid.  1924,  60,  647. 

^  Ibid.  1924,  61,  117. 


'  Ibid.  1925,  63,  579. 
Ibid.  1925,  66,  81. 
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and  0.049  per  cent  as  betaine.  The  content  of  these  substances  in 
the  fresh  plant  was  0.144,  0.0115,  0.0013,  and  0.00095  per  cent 
respectively. 

Vickery  and  Vinson,^  in  the  lead  subacetatc  precipitate  from  the 
“  alfalfa  filtrate  ”  after  decomposition  with  hydrogen  sulphide  and  acid 
hydrolysis,  found  adenine,  aspartic  acid,  tyrosine,  arginine,  lysine,  and 
stachydrine. 

Vickery,  operating  with  the  “  alfalfa  filtrate  ’’  from  about  24  kilos 
of  the  fresh  plant,  obtained  in  the  mono-amino  acid  fraction  the  following 
results  expressed  in  percentages  of  the  nitrogen  in  the  total  nitrogen  of 
the  plant  and  of  the  actual  substances  in  the  fresh  plant  respectively: 
alanine  0.082  and  0.0049,  valine  0.155  and  0.012,  leucine  0.095  and  0.0086, 
serine  0.144  and  0.010,  aspartic  acid  0.294  and  0.026,  asparagine  1.52 
and  0.075,  tyrosine  0.004  and  0.0005,  and  phenylalanine  0.032  and  0.0034 
per  cent.  He  notes  that  at  least  55  per  cent  of  the  fraction  is  accounted 
for  as  asparagine  and  that  the  aspartic  acid  found  after  hydrolysis  indi¬ 
cates  the  presence  of  a  still  larger  amount.  Serine  and  alanine  had  not 
previously  been  reported  as  occurring  in  plant  juices. 

Saponin. — In  addition  to  the  two  ketones,  Jacobson  ^  isolated  from 
the  alcohol  extract  a  saponin,  C27H37NO16,  which  unlike  other  saponins 
does  not  hemolyze  blood.  Like  solanin  it  is  nitrogenous,  thus  forming 
a  connecting  link  between  other  saponins,  which  are  non-nitrogenous, 
and  the  alkaloids.  It  hydrolyzes  to  a  sapogenin,  CisHisNOio,  also  yield¬ 
ing  a  glucose  derivative.  Although  toxic  to  fish,  doubtless  because  it 
prevents  access  of  air  to  water,  it  does  not  appear  to  injure  higher  animals 
when  administered  per  os,  but  when  injected  subcutaneously  it  causes 
severe  local  irritation  and  death. 

,  Fat.— The  Physical  and  Chemical  Values  of  alfalfa  seed  oil  obtained 
by  gasolene  extraction,  as  determined  by  Jacobson  and  Holmes,**  are  as 
follows:  specific  gravity  at  15°  C.  (recalculated)  0.9175,  refractive  index 
at  25°  C.  (recalculated)  1.4755,  saponification  number  172.3,  iodine 
number  154.2,  Reichert-Meissl  number  0.40,  insoluble  fatty  acids  92.5 
per  cent  (saponification  number  189.9,  iodine  number  169.5,  neutraliza¬ 
tion  value  191.5,  mean  molecular  weight  293,  and  solid  bromide  by 
Hehner-Mitchel  test  17  per  cent),  acetyl  number  19.8,  acid  number  2.85, 
un.sapohifiable  matter  4.40  per  cent,  glycerol  1.97  per  cent,  and  saponi¬ 


fication  number  of  acetylated  oil  192.2. 

Composition  of  Alfalfa  Seed  Oil-The  authors  last  named  found 

liquid  acids  90.4  per  cent  and  solid  acids  9.6  per  cent,  containing  as  fo  - 


lows : 

1 Hiol.  Chem.  1925,  66,  91. 
2  Ibid.  1925,  66,  ()57. 


3.1.  Am.  Chcm.  80c.  1919,  41,  640. 
‘  Loc.  cit. 
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Liquid  acids 

% 

.  Oleic .  3  3 

Linoleic .  73.2 

Linolenic .  23.5 

Carbohydrates— Determinations  of  the  individual  carbohydrates 
by  Headden  appear  in  the  general  analysis  above. 

Widtsoe  and  Stewart  ^  studied  the  carbohydrates,  following  Stone’s 
scheme;  the  determination  of  starch  by  the  diastase  method,  however, 
gave  discordant  results,  apparently  owing  to  active  unorganized  fer¬ 
ments. 

Phosphorus-Organic  Compounds.  Nucleic  Acid  {Nuclein). — Widtsoe 
and  Stewart,^  in  a  comparison  of  the  nuclein  of  leguminous  and  timothy 
hays  and  common  cereals,  found  in  the  leaves  and  stalks  of  the  first 
crop  of  alfalfa  (old)  6.88  and  2.32  per  cent  and  in  the  leaves  and  stalks 
of  the  second  crop  (young)  6.78  and  2.93  per  cent  respectively.  They 
conclude  from  these  and  other  results  that  “  the  percentages  of  nuclein 
in  the  leaves  and  the  stalks  .  .  .  are  not  affected  by  the  age  of  the  plant, 
by  the  season,  or  by  the  place  of  cutting.” 

Organic  Acids. — Euler  and  Bolin  ^  found  in  alfalfa  leaves  mesoxalic, 
glycolic,  malic,  and  citric  acids  in  studying  the  oxidizing  action  of  the 
enzyme  “  medicago-laccase.” 

Turner  and  Hartman,^  studying  the  non-volatile  acids,  identified 
citric,  malic,  and  malonic  acids  in  the  proportion  of  12' :  8  :  3. 

Ketones.— From  the  alcohol  extract  of  alfalfa  hay  cut  when  in  early 
bloom  Jacobson,'^  by  extraction  with  ether  and  treatment  with  nitric 
acid,  isolated  small  amounts  of  two  ketones:  myristone,  (Ci3H27)2CO, 

(melting  point  74  to  75°  C.)  and  alfalfone,  C21H42O,  (melting  point 
88.5  to  88.8°  C.). 

Coloring  Matter.— Jacobson  »  found  in  dried  alfalfa  hay  0.68  per  cent 
of  chlorophyl  and  0.28  per  cent  of  yellow  coloring  matter.  He  notes 
that  the  chlorophyl  is  similar  to  that  of  nettle  leaves.  His  preparation 
consisted  of  66  per  cent  of  mochlorophyl  and  34  per  cent  of  allocMorophyl 
Only  when  the  concentration  is  five  times  that  adapted  for  photographv 
does  the  yellow  coloring  matter  modify  the  absorption  spectrum  o'f 
the  chlorophyl,  introducing  changes  in  two  parts  of  the  ultraviolet 


1  Utah  Agr.  Exp.  Sta.  1898,  Bui.  68. 
^Z.  physiol.  Chem.  1909,  41,  1. 

3  J.  Am.  Chem.  Soc.  1925,  47,  2044. 

'  Ibid.  1911,  33,  2048;  1912,  34,  300. 
Ibid.  1912,  34,  1263. 


Solid  acids 

Carnaubic .  present 

Daturic .  present 

Behenic .  present  (?) 
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Enzymes. — Alfalfa  seeds  have  been  shown  by  Jacobson  ^  to  contain 
starch-  and  amygdalin-hydrolyzing  enzymes  corresponding  to  amylase 
and  emulsin  respectively,  also  a  renin-like  enzyme  (coagulase)  that 
coagulates  milk,  one  that  precipitates  piirpurogallin  from  a  solution  of 
pyrogallol  similar  to  peroxidase,  and  a  poptolytic  protease,  classified  as 
a  vegetable  erepsin,  that  acts  on  casein  and  Witte  peptone.  Invertase 
and  a  water-soluble  lipase  appear  to  be  absent. 

The  above  author  and  his  co-worker  Holmes  in  a  later  paper  ^  record 
the  presence  in  the  green  plant  of  all  the  enzymes  found  in  the  seed  and 
in  addition  lipase,  invertase,  and  pectinase.  The  emulsin  and  pectinase 
occur  in  considerable  amount;  the  lipase,  amylase,  and  invertase  in 
small  amount.  The  diastatic  power  of  the  water  extract  of  the  dried 
plant  was  about  20. 

Shuey  ^  reviews  the  literature  on  the  diastase  of  green  plants  and  notes 
the  high  activity  of  alfalfa,  especially  of  the  stems.  The  diastatic  action 
is  greatest  in  the  young  plant,  in  the  morning,  and  during  the  warm 
season.  Drying  in  a  current  of  air  with  gradual  increase  in  heat  increases 
the  activity  and  obviates  losses  sustained  in  field  drying  more  than  off¬ 
setting  the  increased  cost. 

According  to  Bourquelot  and  H^rissey,'*  a  soluble  ferment,  seminase, 
is  secreted  by  the  embryo  during  fermentation,  which  hydrolyzes  cell- 
wall  carbohydrates  to  mannose  and  galactose. 


Analyses  of  Alfalfa  Ash  *  (IIeadden) 


K'20 

% 

First  cutting: 

Not  in  bloom  t- 

30.03 

Half  bloom .... 

29.89 

Full  bloom  t  -  •  ■ 

26.31. 

Full  seed  t . 

25.98 

Second  cutting: 

Karly  bloom .  .  . 

25.38 

Half  bloom .... 

26.87 

Full  bloom  t.  •  • 

22.00 

Third  cutting: 

Hay  t . 

28 . 30 

Plant  parts: 

Seed . 

35.21 

Flowers . 

25.59 

Leaves  t . 

12.47 

Stems  § . 

32 . 34 

*  Strontia  present  in 


Na20 

Cat) 

MgO 

Fe203 

Al2()3 

M 11304 

P2O6 

SO3 

Cl 

Si  (>2 

C()2 

Sand 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

1.31 
1.65 
0 . 90 
2.94 

23.79 

24.88 

26.75 

22.02 

3.51 

3.83 

3.80 

5.21 

0.41 
0.34 
0. 18 
0.40 

0.  16 
0. 19 
0.09 
0.24 

0. 14 

0. 12 
0.11 
0.21 

4.83 

4.71 

4.64 

4.93 

4.70 

5.07 

4.52 

4.93 

6.  19 
3 . 36 
7.26 
6.27 

1.17 

1.07 

1 . 35 
1  .29 

24.04 

25.36 

24.47 

25.14 

0.93 

0.66 

1.10 

1.95 

1.86 

1.76 

1.03 

25.97 

25.61 

28.87 

3 . 37 
3,68 
4 . 35 

0.30 
0.25 
0. 15 

0.05 
0. 10 
0.27 

0.19 
0. 15 
0. 12 

3.94 

4.63 

3.58 

6.11 
7.07 
5. 12 

7 . 76 
7.92 
7.30 

0.78 

0.58 

1.30 

24.77 

22.61 

24.23 

0.98 

0.91 

1.63 

3.47 

23.01 

3.64 

0.30 

0. 14 

0.14 

3.81 

4 . 51 

6.24 

0.64 

26.21 

0.91 

1 . 55 
4 . 02 
2.98 
4 . 65 

5.38 

16.95 

33.44 

15.54 

9.54 

3.95 

4.68 

4.77 

0.49 

1.01 

0.43 

0.46 

0.09 
1.18 
0 . 25 
0.38 

0.21 
0.20 
0. 18 
0. 15 

38.86 

7.70 

3.57 

5.15 

1.37 
6.26 
9 . 96 
2.49 

0.77 
4.88 
5.70 
7 . 56 

0.64 
3. 16 
1.07 
1.44 

4 . 54 

24.82 

24.11 

1.47 

9.19 

1.46 

1.24 

»I1  th.  -anipl...  but  litbia  not  dctoctud.  Carbon  varied  from  a  trace  to 


.29  per  cent. 

Average  of  2  samples.  t  Average  of  4 


1 .1.  Am.  Chem.  Soc.  1912,  34,  1730. 
2  Ibid.  1914,  36,  2170. 


samples.  5  Average  of  3  samples. 

®.T.  Ind.  Eng.  Chem.  1914,  6,  910. 
^  Compt.  rend.  1900,  130,  731. 
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Mineral  Constituents.— Headden  ^  gives  exceptionally  complete  ash 
analyses  of  two  cuttings  of  alfalfa  at  different  stages  of  development, 
the  hay  (third  cutting),  and  the  separate  parts  of  the  plant,  from 
which  the  figures  in  the  foregoing  table  are  derived. 

Minor  Mineral  Constituents,  /row.— Foliage  168,  seeds  168  mg.  per  kilo,  dry 
basis  (McHargue).2 

Manganese. — Seed  16  mg.  per  kilo,  dry  basis  (Wester).®  Hay,  15  samples,  16  to 
to  29,  av.  23;  plants,  2  samples,  stems  13  and  11,  leaves  76  and  45,  blooms  42  and 
27,  and  seeds  11  and  6  mg.  per  kilo,  dry  basis  (Jones  and  Bulbs).'*  Foliage  40, 
seeds  15  mg.  per  kilo,  dry  basis  (McHargue).® 

Copper. — Foliage  8.5,  seeds  15  mg.  per  kilo,  dry  basis  (McHargue).^ 

Zinc. — Foliage  112,  seeds  80  mg.  per  kilo,  dry  basis  (McHargue).^ 


RED  CLOVER 

Trifolium  pratense  L. 

Fr.  Grand  trefle.  Sp.  Trebol  rojo.  It.  Trifoglio  rosso.  Ger.  Rotklee. 

A  native  of  Europe,  eastern  Asia,  and  north  Africa,  red  clover  is  a 
common  fodder  and  soiling  plant  in  the  Western  Hemisphere  and, 
escaped,  grows  spontaneously  in  many  regions. 

MACROSCOPIC  STRUCTURE. — Unlike  that  of  alfalfa  the  ascend¬ 
ing  stem  is  pubescent.  Each  of  the  leaflets  of  the  trifoliate  leaves  is 
broadly  oval  or  obovate,  often  notched  at  the  end,  on  the  upper  side 
smooth  and  marked  with  an  irregular  whitish  spot,  on  the  lower  side 
somewhat  pubescent.  The  rose-red  flower  heads  are  sessile,  surrounded 
by  the  upper  leaves.  The  pubescent  calyx  is  smooth  except  for  a  beaded 
ring  in  the  throat  and  has  five  bristle-like  teeth  nearly  equaling  the 
tubular  papilionaceous  corolla  which  withers  after  flowering. 

Unlike  alfalfa  the  pod  is  straight,  flattened,  oval,  one-seeded,  thin, 
membranous  below,  hard  and  cap-like  at  the  top.  Compared  with 
those  of  alfalfa  the  seeds  are  smaller  (about  2  mm.).  They  are  flattened 
kidney-shaped  or  rounded  triangular  with  one  side  concave  and  vary 
from  light  straw  color  to  purple,  with  or  without  variegation 

MICROSCOPIC  STRUCTURE.  Stem  and  Petiole.-The  epiderm 
consists  of  cells  with  straight  and  often  beaded  walls  and  striated  cuticle 
stomata,  and,  as  on  the  lower  surface  of  the  leaf,  two  forms  of  hairs  the 
unicellular  form  being  borne  on  protuberances  over  an  air  space.  Below 
the  epiderm  the  tissues  are  like  those  of  the  stem  of  alfalfa. 

^  Colorado  Agr.  Exp.  Sta.  1896,  Bui.  36. 

2J.  Am.  Soc.  Agron.  1925,  17,  368. 

®  Biochem.  Z.  1921,  118,  158. 

M.  Tnd.  Eng.  Chem.  1921,  13,  524. 
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Leaf. — The  cells  of  the  lower  epiderm  (Fig.  272)  are  mostly  sharply 
sinuous,  often  with  projections  at  the  bends.  Similar  projections  or 
horns  occur  on  the  stomata.  As  in  alfalfa  two  forms  of  hairs  are  pres- 
('nt — warty  unicellular  and  multicellular  capitate  but  the  former  are 
longer,  up  to  2  mm.,  broader,  about  30  /u,  have  more  pronounced  warts, 
and  arise  from  the  top  of  protuberances  in  the  middle  of  a  rosette  of 
elongated  straight-walled  cells.  Beneath  this  protuberance  is  a  large 
air  cavity.  The  upper  epiderm  consists  of  isodiametric  cells  with  slightly 
wavy  walls  and  stomata,  hairs  being  absent. 

Flower. — The  structure  of  the  calyx  is  much  like  that  of  the  leaf,  the 
bristle-like  teeth,  however,  are  papillous  and  end  in  a  tuft  of  stiff  unicel¬ 
lular  hairs.  The  corolla  has  the  usual  papillose  and  striate  epiderm. 

Pericarp.  —  Sinuous- walled 
cells  and  stomata  make  up  the 
epicarp.  Toward  the  tip  the  cell 
walls  abruptly  change  from  thin 
to  greatly  thickened  and  scler- 
enchymatized  with  numerous 
pores.  Scattered  crystal  cells  are 
the  only  noteworthy  elements  of 
the  mesocarp. 

Spermoderm,  Endosperm,  and 
Embryo  have  the  same  general 
structure  as  in  alfalfa  except  that 
the  palisade  cells  are  higher  (up  to 
45  n,  over  the  radicle  up  to  55  y) 
and  broader  (up  to  15  with  flat¬ 
tened  outer  ends,  and  the  subepidermal  cdls  are  somewhat  higher  (up  to 
15  y.)  but  narrower  (up  to  27  y),  and  a  small  quantity  of  minute  starch 

grains  occurs  in  the  cotyledons.  .  i-  a  . 

Chief  Structural  Characters.— Stem  pubescent;  leaves  trifoliate, 

leaflets  broad,  notched,  with  light  spot;  flowers  rose-red  in  sessile  heads; 
calyx  with  bristle-like  teeth  nearly  equaling  tubular  papilionaceous 
corolla;  pod  straight,  flatteneil  oval,  one-seeded;  seed  2  mm.,  kidney- 
shaped  or  rounded  triangular,  dull,  yellow  to  purple,  uniform  or  spo  tod. 

Llls  of  lower  epiderm  of  leaf  deeply  sinuous  with  projections 
unicellular  hairs  distinctly  warty  (in  alsike  clover  indistinct  y),  a  oi 
.30  y  wide  (in  alfalfa  and  alsike  clover  about  15  y) ;  palisade  c  . 
spermoderm  about  45  y  high  and  15  y  broad  (lower  and  oacrower  i 
XS,  flattened  at  outer  end  (in  alfalfa  and  alsike  clover  rounded^ 
Cotyledons  with  small  quantity  of  minute  starch  grains.  Other 

characters  as  in  alfalfa. 


Fia.  272. — Red  Clover.  Lower  epiderm  of 
leaf  in  surface  view  with  base  of  warty  hair 
arising  from  swelling  of  the  epiderm,  capitate 
hair,  and  atu  stoma.  X  U’>0.  (K.R.W.) 
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CHEMICAL  COMPOSITION— See  tables  under  Forage  Legumes. 

Nitrogen  Distribution  in  Red  Clover  Hay. — The  following  results  by 
Van  Slyke’s  method  are  those  reported  by  Hamilton,  Uyei,  Baker,  and 
Grindley :  ^  humin  nitrogen  13.09,  arginine  nitrogen  6.86,  cystine  nitrogen 
0.87,  histidine  nitrogen  5.05,  lysine  nitrogen  2.62,  mono-amino  nitrogen 
in  filtrate  from  bases  39.82,  proline,  oxyproline,  tryptophane,  and  non¬ 
amino  nitrogen  in  filtrate  from  bases  3.28,  ether-soluble  nitrogen  0.62, 
alcohol-soluble  nitrogen  1.57,  non-protein  nitrogen  soluble  in  cold  1  per 
cent  trichloracetic  acid  in  filtrate  from  colloidal  iron  11.29,  amide  nitro¬ 
gen  7.35,  and  nitrogen  lost  in  method  of  analysis  6.87,  total  99.29  per 
cent. 

CRIMSON  CLOVER 


Trifolium  incarnatum  L. 


Fr.  Farouche.  It.  Trifoglio  incarnato.  Ger.  Incarnatklee. 


Southern  Europe  claims  this  clover  as  a  native,  and  it  is  there  that 
it  is  most  grown.  In  the  United  States  it  is  coming  into  prominence. 
Although  an  annual,  if  sowed  late,  it  lives  over  Winter  and  blooms  the 
next  year. 


MACROSCOPIC  STRUCTURE. 

— Stems,  petioles,  leaves,  stipules,  and 
calyx  bear  numerous  hairs.  The 
leaflets  are  ovate,  broad,  denticulate, 
often  notched  at  end,  and  without  a 
whitish  spot.  Characteristic  of  the 
flower  head  is  the  dense  mass  of  crim¬ 
son  flowers  in  a  spike  up  to  over  7  cm. 
long.  From  red  and  alsike  clover  and 
alfalfa  the  seed  (up  to  over  2.5  mm.) 
is  distinguished  by  its  nearly  perfect 
ovoid  form  and  uniformly  light  brown 
lustrous  surface. 

MICROSCOPIC  STRUCTURE. 


Fig.  273. — Crimson  Clover.  Lower  epi- 
derm  of  leaf  in  surface  view  with  0  base  of 
warty  hair,  <2  capitate  hair,  and  sto  stoma 
X  160.  (K.B.W.) 


stomTa  TnH  ’’Tv.  '“Situdinally  elongated  epidermal  cells, 

m  o  ‘S-273).— Both  ep,derms  consist  of  cells  with  straight  or  nearlv 
traight  finely  but  distinctly  beaded  walls,  stomata,  and  unicem  1^5) 
nnd  capitate  (t^)  hairs.  Highly  characteristic  of  the  cells  Te  the  slen^ 
Papillie,  one  of  which  arises  abriipily  from  the  center  of  ercr^ell  Tte 

1  J.  Am.  Chem.  8oc.  1923,  46,  815. 
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unicellular  hairs  (most  numerous  on  lower  epiderm)  range  up  to  1.5  mm. 
long  and  about  30  m  wide,  with  thick  walls,  usually  distinct  warts,  and 
very  narrow  lumen.  Often  they  occur  on  slight  protuberances  of  the 
epiderm. 

Flower. — Structurally  the  calyx  is  similar  to  the  leaf.  Red  coloring 
matter  in  solution  is  conspicuous  in  the  fresh  flower  but  turns  brown  on 
wilting. 

Spermoderm. — The  palisade  cells  are  about  45  /x  in  height  and  15  m 
in  breadth,  with  light  line  8  n  from  the  flattened  outer  end;  the  sub- 
epidermal  cells  are  about  16  m  high  and  40  /x  broad. 

Endosperm  and  Embryo  as  in  other  clovers. 

Chief  Structural  Characters. — Stem,  leaves,  stipules,  and  calyx 
pubescent;  leaflet  broadly  ovate,  denticulate,  without  spot;  flower 
crimson;  seed  up  to  over  2.5  mm.,  regularly  ovate,  lustrous. 

L]pidermal  cells  of  leaves  straight -walled,  beaded,  with  character¬ 
istic  central  papillae;  unicellular  hairs  mostly  distinctly  warty,  about 
30  M  broad  as  in  red  clover  (narrower  in  alsike  clover  and  alfalfa) ; 
palisade  cells  of  spermoderm  about  45  /ix  high  with  flat  outer  end  as  in 
red  clover. 

CHEMICAL  COMPOSITION.— See  table  under  Forage  Legumes. 


ALSIKE  CLOVER 

Trifolium  hybridum  L. 

Fr.  Trefle  hybride.  Sp.  Trdbol  sueco.  It.  Trifoglio  ibrido. 

Ger.  Bastardklee.  . 

The  plant  is  indigenous  to  Europe  but  is  commonly  cultivated  m 
America  for  forage.  It  is  closely  related  to  white  clover  (T.  repens  L.) 
but  differs  in  being  erect  and  having  pinkish  flowers.  White  clover 
because  of  its  low  creeping  habits  is  not  suited  to  harvesting. 

MACROSCOPIC  STRUCTURE.— Although  it  is  described  as 
smooth,  hairs  arc  evident  under  a  lens  on  l)oth  slem  and  under  surface 
of  the  leaflets.  The  leaflets  of  the  trifoliate  leaves  are  broad,  notched 
on  the  end,  and  finely  toothed.  Numerous  pedicellate  flowers  form  a 
loose  round  head  on  a  long  peduncle.  The  five-cleft  calyx  is  mu 
shorter  than  the  tubular  corolla.  The  pod  is  straight  two-  to  four- 
seeded,  the  dull  seed  being  green-brown  and  reaching  1.5  mm.  m  length 

or  smaller  than  those  of  alfalfa  and  red  clover.  . 

MICROSCOPIC  STRUCTURE.  Stem  and  Petiole.— Practically  s 

.■<!  '  . . 
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tinctly  warty,  up  to  800  /u  long  and  about  15  /x  wide,  others  {t^)  capitate. 
Single  monoclinic  crystals,  15  tx  long,  accompanying  the  fibro-vascular 
bundles,  occur  in  the  mesophyl.  The  upper  epiderm  is  similar  to  the 
lower  except  for  the  absence  of  hairs. 

Flower. — The  calyx,  while  similar  to  the  leaf  in  structure,  has  epi¬ 
dermal  cells  with  sinuous  walls.  Sinuous-walled  cells  also  make  up  the 
epiderms  of  the  corolla,  papillae  being  present  at  the  tip. 

Pericarp. — The  epicarp  is  composed  of  transversely  elongated,  some¬ 
what  sinuous-walled  cells,  stomata,  and,  especi¬ 
ally  at  the  margins,  capitate  hairs.  Crystal  cells 
occur  singly  or  in  groups  in  the  mesocarp. 

Elongated  thin-walled  cells  form  the  endocarp. 

Spermoderm. — Distinction  from  alfalfa  and 
red  clover  lies  in  the  palisade  cells  which  vary 
up  to  50  fx  in  height  and  13  /x  broad,  with  a 
light  line  7  ix  from  the  rounded  outer  end. 

Endosperm  and  Embryo  as  in  alfalfa  except 
that  a  small  quantity  of  minute  starch  grains 
occurs  in  the  cotyledons. 

Chief  Structural  Characters.  —  Stem 
nearly  smooth ;  leaves  trifoliate  with  broad 
notched  leaflets;  calyx  five-parted,  shorter  than 
pink  corolla;  pod  straight,  two-  to  four-seeded- 

„  1  ,  ^  ^  face  view  with  warty  hair, 

green-brown,  up  to  1.5  mm.  capitate  hair,  and  sto  stoma. 

Epidermal  cells  of  leaves  straight-walled  (in  ^ 

alfalfa  and  red  clover  sinuous);  unicellular  hairs  of  lower  epiderm  of 

leaf  indistinctly  warty  (in  alfalfa  distinctly),  about  15  ^  in  diameter  (in 

red  clover  about  30  n) ;  palisade  cells  of  spermoderm  up  to  50  /u  high  (in 

alfalfa  lower),  rounded  at  outer  end  (in  red  clover  flattened);  cotyle- 

dons  with  small  quantity  of  minute  starch  grains.  Other  characters  as 
in  alfalfa. 

CHEMICAL  COMPOSITION.-See  tables  under  Forage  Legumes. 

PEANUT 

Arachis  hypogsea  L. 

Fr.Arachide.  Sp.  Cacahuate.  It.  Arachide.  Ger.  Erdnuss. 

tr»  of  the  plant,  also  the  structure  of  the  pod  and  seed  are 

treated  m  this  volume  under  Oil  Seeds. 

Peanut  hay  consists  of  varying  proportions  of  stalks  leaves  hlo« 

r^ttuTp^r  forced’undeTJrotd 


Fig.  274. — Alsike  Clover. 
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MACROSCOPIC  STRUCTURE. — The  somewhat  angular  stem  bears 
soft  silky  hairs.  Hairs  are  more  conspicuous  on  the  long  petioles,  par¬ 
ticularly  those  of  the  younger  leaves.  The  stipules  are  margined  below 
and  united  with  the  base  of  the  pedicel,  often  for  a  centimeter  or  more; 
above  they  are  long  (up  to  3  cm.  or  more),  narrow,  tapering  gradually  to 
a  point.  The  leaves  are  abruptly  pinnate  with  two  pairs  of  pointed, 
rigid,  elliptical  or  obovate  leaflets  which  are  smooth  except  for  occa¬ 
sional  hairs,  particularly  on  the  margins  and  prominent  midrib.  At  the 
tip  a  short  bristle  is  evident  under  a  lens.  From  the  midrib  parallel 
primary  veins  run  to  the  margins,  joining  there  a  nerve  forming  a  border 
about  the  leaf. 

Of  special  interest  are  the  flower  and  the  fruit.  The  former  is  yellow 
or  orange,  small,  about  1  cm.  long  not  including  the  remarkable  narrow, 
almost  thread-like  calyx  tube  which  is  twice  that  length.  In  external 
appearance  the  calyx  tube  strongly  resembles  a  peduncle  but  when 
slit  lengthwise  and  examined  under  a  lens  it  is  seen  to  contain  the  style 
and  stamens.  Above  the  tube  the  calyx  is  two-lipped,  the  lower  con¬ 
sisting  of  a  narrow  lobe,  the  upper  of  a  broad  four-toothed  lobe.  The 
standard  is  broad  and,  although  small,  conspicuous  because  of  its 
bright  color;  the  wings  are  narrow  and  the  keel  bent  inward  at  nearly 
a  right  angle.  After  all  the  flower  but  the  minute  ovary,  situated  at 
the  base  of  the  calyx  tube,  falls  away,  the  stem  (stipe)  appears  and 


rapidly  lengthens,  pushing  the  growing  pod  beneath  the  earth  where  it 
ripens. 

MICROSCOPIC  STRUCTURE.  Stem.— Cross  sections  of  the  stem 
show:  (1)  epiderm  of  elongated  cells  and  stomata,  also  groups  of 
crystal  cells  and  hairs  such  as  occur  on  the  lower  epiderm  of  the  leaves, 

(2)  collenchyma,  several  cells  thick,  (3)  endoderm,  or  starch  sheath,  occa¬ 
sionally  interrupted  by  cr>^stal  cells  in  longitudinal  rows,  (4)  hast  fiber 
groups  of  the  fibro-vascular  bundles,  forming  an  interrupted  zone,  (5) 
phloem  of  the  usual  type,  (6)  cambium  (indistinct),  (7)  xylem  with  vessels 
as  in  other  legumes,  and  (8)  pith  with  starch  grains  up  to  10  y,  grouped 

in  aggregates  in  the  outer  layers.  .  j.  .  •  x 

The  bundles  are  close  together  and  the  medullary  rays  are  indistinct. 

The  Petiole  differs  in  structure  from  the  stem  in  that  (1)  collenchyma 
occurs  only  on  the  ridges  forming  the  groove,  (2)  in  other  parts  large 
cells,  like  those  below  the  lower  epiderm  of  the  leaf,  form  the  subepideim, 

(3)  chlorophyl  parenchyma  forms  the  next  layer  two  or  threejjells  thick, 

(4)  bundles  are  widely  separated,  and  (5)  central  pith  is  norm,  y 


"^‘‘Saf.-The  lower  epiderm,  .as  seen  in  surface  view, 

thin-walled  cells,  long  pointed  hairs,  about  15  m  broad,  with  two  or  throe 
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foot  cells  and  lumen  usually  broader  than  the  walls,  stomata,  and  here 
and  there  along  the  nerves  small  groups  of  thick-walled  cells  each  com¬ 
pletely  filled  by  a  coffin-shaped  oxalate  crystal.  In  the  upper  epiderm 
the  crystal  cells  instead  of  following  along  the  nerves  occur  in  scattered 
small  groups. 

Cross  sections  show  that  beneath  the  upper  epiderm  the  mesophyl 
consists  of  typical  palisade  cells  containing  chlorophyl,  whereas  beneath 
the  lower  epiderm  the  mesophyl  cells  are  large,  round  and  free  from 
chlorophyl;  also  that  rows  of  small  chlorophyl-free  cells  run  from  the 
crystal  cells  of  the  upper  epiderm  to  the  nerve  bundles. 

A  bast  fiber  strand  runs  about  the  margin  of  the  leaf. 

Stipules. — The  blade  is  parallel  veined,  the  epiderm  cells  are  more 
elongated,  and  the  hairs  are  commonly  thinner-walled  than  on  the 
leaves. 

Flower. — The  structure  is  of  the  usual  leguminous  type.  Hairs  occur 
on  the  calyx  tube  and  tips  of  the  lobes.  Chromatophores  give  the 
corolla  its  yellow  or  orange  color.  The  pollen  grains  are  ovate  up  to 
43  jjL  in  diameter. 

Fruit. — See  Peanut  in  this  volume  under  Oil  Seeds. 

Chief  Structural  Characters. — Leaves  with  two  pairs  of  leaflets; 
flowers  yellow  or  orange  with  very  long,  slender  calyx  tube  and  stipe 
which  elongates  rapidly  and  pushes  the  growing  pod  beneath  the 
ground. 

Epidermal  cells  of  leaf  with  thin,  straight  or  only  slightly  wavy 
walls,  scattered  crystal  cells,  and  on  the  lower  epiderm  long,  pointed 
hairs,  about  15  ^  broad,  with  lumen  usually  broader  than  walls  (not 
thick-walled  and  warty  as  in  alfalfa). 

CHEMICAL  COMPOSITION.  Below  are  summarized  analyses  by 
Fraps  ^  of  three  varieties  of  peanut  hay:  (1)  mowed  tops,  (2)  pulled 


Composition  of  Peanut  Hay  (Fraps) 


Samples 

Water 

Protein 

Fat 

N-f.  ext. 

Fiber 

Ash 

Mowed . 

3 

% 

10.00 

9.50 

8.19 

8.49 

10.18 

Q  91 

% 

11.09 

9.55 

13.22 

% 

5.09 

3.08 

13.12 

2.44 

6.61 

% 

% 

% 

Without  nuts.  .  . 
With  nuts . 

10 

4 

42.11 

45.33 

21.94 

24.30 

9.77 

8.24 

Commercial: 

Min . 

5 

34.95 

23.75 

6.77 

Max . 

y .  o4 
10.28 

9  89 

35.25 

20.23 

8.40 

Aver . 

48.60 

28.37 

11.80 

4  36 

42.67 

23  77 

10  09 

‘  Texas  Agr.  Exj).  Sfa.  1917,  Bui.  222. 
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vines  with  nuts  attached,  and  (3)  pulled  vines  with  nuts  threshed  off 
after  curing;  also  of  commercial  hay  from  the  Texas  market. 

Mineral  Constituents— Brown  ^  obtained  15.71  per  cent  of  ash  in 
peanut  hay  (stems  and  leaves)  and  the  following  percentages  of  constit¬ 
uents  in  the  ash : 


KjO 

Na20 

CaO 

MgO 

SOa 

SiOa 

I..eav’es . 

% 

15.00 

19.23 

% 

7.26 

7.52 

% 

50.77 

25.80 

% 

10.89 

19.67 

% 

4.85 

5.34 

% 

3.57 

7.42 

% 

5.60 

9.93 

Stems . 

SOY  BEAN 

Glycine  Soja  Sieb.  et  Zucc.  =  G.  hispida  Maxim.  =  Soja  hispida  Aloench. 

Fr.  Soja.  It.  Soia.  Ger.  Sojabohne. 

The  structure  of  the  seed  is  described  in  this  volume  under  Oil  Seeds; 
only  the  plant  and  the  flowers  are  here  considered. 

MACROSCOPIC  STRUCTURE. — Numerous  hairs  clothe  the  plant 
throughout.  The  stem,  petioles,  and  petiolules  are  angled  and  ribbed. 
Often  the  petioles  reach  or  exceed  15  cm.  or  two  to  three  times  the  length 
of  the  internodes,  of  the  stem.  The  petiolule  of  the  central  leaflet  is 
several  centimeters  long,  whereas  those  of  the  side  leaflets  and  the  petioles 
of  the  two  lowest  simple  leaves  of  the  stem  are  only  1  to  2  cm.  long.  On 
all  these  hairs  are  especially  numerous  and  reach  2  mm.  or  more  in 

length. 

The  pointed  leaflets,  of  which,  as  in  the  common  bean,  there  are  three 
to  the  leaf  (excepting  the  lower  pair),  often  exceed  10  cm.  in  length  and 
are  about  two-thirds  as  broad.  At  the  base  they  vary  from  obtuse  to 
acute.  The  side  leaflets  are  unsymmetrical,  the  midrib  being  often  two 
or  three  times  nearer  one  side  than  the  other.  Hairs  are  numerous  on 
the  under  side,  especially  on  the  nerves;  on  the  upper  side  they  are  fewer 
and  more  appressed  but  noticeable  under  a  lens. 

The  stipules  are  broad  at  the  base,  taper-pointed,  and  range  up  to 

7  mm.  in  length;  the  sh’pcfe  are  smaller. 

The  flower  is  small,  white  or  purple.  Of  the  five  green,  narrow,  hairy 
calyx  lobes  the  two  upper  are  partly  grown  together.  Jhe  corolla 
scarcely  exceeds  the  calyx.  The  wings  are  narrow,  adherent  to  the  short 

1  Tennesee  Agr.  Exp.  Sta.  1891,  Bui.  4,  II,  55. 
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blunt  keel.  The  style  is  beardless  (distinction  from  China  bean 
and  hyacinth  bean). 

MICROSCOPIC  STRUCTURE.  Stem,  Petiole,  and  Petiolule.— 

Long  before  the  flowers  develop,  these,  especially  the  stem,  are  hard 
and  woody,  made  up  of  the  following  tissues:  (1)  epiderm  of  elongated, 
parallel-walled  cells,  stomata,  and  long,  blunt,  warty  hairs  and  short, 
capitate  hairs,  (2)  collenchyma  forming  a  continuous  layer,  (3)  cortex 
parenchyma,  containing  chlorophyl  grains,  forming  a  thin  layer,  (4) 
endoderm  (starch  sheath),  (5)  crystal  cells  forming  an  interrupted  layer, 
(6)  hast  fibers  in  groups,  (7)  phloem,  with  scattered  crystal  cells,  (8) 
xylem  with  spiral,  reticulated,  and  pitted  vessels  and  wood  parenchyma, 
and  (9)  pith  of  large  cells  forming  a  central  column  (not  hollow)  and 
containing  simple  and  aggregate  starch  granules. 

The  flnely  warty  hairs,  about  25  /x  broad,  are  unicellular  except  for  a 
short  foot  cell.  The  heads  of  the  capitate  hairs  are  multicellular  by 
transverse  partitions. 

Layers  6  to  8  inclusive  are  strongly  developed  and  continuous  about 
the  stem  except  for  the  narrow,  mostly  one-cell-wide,  pitted  medullary 
rays. 

The  starch  granules  in  the  middle  of  the  pith  are  simple,  up  to  15  u, 
but  one  or  more  facets  show  tflat  they  are  detached  members  of  aggre¬ 
gates;  those  in  the  outer  pith  cells  are  remarkable  aggregates  with  the 
individual  grains  forming  swellings  so  that  the  whole  resembles  a  black¬ 
berry. 

Leaf.  Both  epiderms  are  made  up  of  wavy-walled  cells,  stomata,  and 
hairs  like  those  on  the  stem.  On  the  lower  epiderm  the  cell  walls  are 
more  wavy  and  the  stomata  more  numerous  than  on  the  upper.  Crystal 
cells  are  not  noticeable  over  the  bundles  but  are  scattered  through  the 
phloem. 


Stipule.— The  stipules  differ  from  the  leaf  chiefly  in  having  less 

wavy  walls  in  the  epiderms  and  a  well-defined  crystal  layer  over  the 
vascular  bundles. 

Flower.— The  calyx  is  covered  with  long,  thin-walled,  blunt-tipped, 
very  warty  hairs  which  are  unicellular  except  for  a  short  basal  cell! 
Similar  hairs  cover  the  young  fruit.  The  corolla  is  characterless  except 

or  typical  epidermal  papillae.  The  pollen  grains  are  round,  smooth 
up  to  27  ju  in  diameter.  ’ 


Chief  Structural  Characters.— Plant  pubescent  throughout, 
with  long  warty  hairs  and  short  capitate  hairs.  Bundles  strongly 
developed  and  woody.  Pith  with  simple  and  aggregate  starch 

grdiiis. 


CHEMICAL  COMPOSITION.-See  tables  under  Forage  Legumes. 
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SMOOTH  PEA 


Pisum  sativum  var.  arvense  Poir.  =  P.  arvense  L. 


Fr.  Pois.  Sp.  Guisante.  It.  Pisollo.  Ger.  Frbse. 


A  description  of  the  seed  of  the  sinootli  pea  is  given  in  Volume  II 
under  Vegetables.  Other  details  in  that  volume  bearing  on  the  forage 
crop  are  the  general  structure  of  the  flower  given  under  the  head  of  the 
Wrinkled  Pea  and  the  general  and  microscoi)ic  structure  of  the  immature 
pod  of  the  Edible  Podded  Pea.  Only  the  structure  of  the  green  plant 
(stem,  petioles,  rachis,  tendrils,  leaves,  stipules,  and  flowers)  is  here  con¬ 
sidered. 

MACROSCOPIC  STRUCTURE.  —  Throughout,  except  for  the 
flowers,  the  plant  is  smooth  and  covered  with  a  bloom.  The  succulent 
stern  and  petioles  are  more  or  less  four-sided,  the  tendrils,  however,  are 
well  rounded.  Large  leaf-like  stipules  distinguish  the  pea  from  the  soy 
bean  and  China  bean.  These  are  ear-shaped,  sessile,  and  palmately 
veined.  The  pairs  of  oval  or  ovate  leaflets  commonly  vary  from  one  to 
four,  and  the  tendrils,  which  are  modified  leaflets,  from  one  to  three  and 
one-half,  the  odd  tendril  being  terminal.  Sometimes  one  of  the  upper 
pairs  of  leaflets  is  replaced  by  a  tendril.’  Among  the  characteristics  of 
the  flower  are  the  leaf-like  calyx  lobes,  the  wings  grown  to  the  keel,  and 
the  inwardly  curved  but  not  coiled  style,  bearded  along  the  inner  side 
and  so  flattened  and  folded  along  the  under  side  as  to  form  a  groove. 

MICROSCOPIC  STRUCTURE.— When  the  plant  is  in  flower  its 


structure  is  as  follows: 

Stem,  Petiole  and  Rachis.— Cross  and  longitudinal  sections  ot  the 
hollow  stem  and  petiole  show:  (1)  epiderm  of  long,  parallel-walled  cells 
interspersed  with  stomata,  (2)  cortex  of  rounded  chlorophyl  parenchyma, 
groups  of  collenchyma  at  the  angles  beneath  the  epiderm,  and  the  endo- 
derm  (starch  sheath)  forming  the  inner  boundary,  (3)  crystal  cdls,  (  ) 
bast  fibers  in  groups,  (5)  phloem  with  well-developed  ® 

xulern  with  spiral,  reticulated,  and  pitted  vessels,  and  (7)  pith  of  large, 
^pTy,ToroLw;ile<l  cells  lining  the  cavity  and  extending  between  the 

'’'^"'Tei^drils— Structure  as  in  the  preceding  but  less  robust. 

Leaflets  and  Stipules  agree  in  having  smooth  epiderms  of  .sod.ame  nc 
or  irden  dy  efon'ated,  somewhat  wavy-walled  cells  and  a  mesophy 

bundles.  the  crystal  ci  (Wa<jionallv  a  few  crystal  cells 

stem  which  adjoin  the  phloem  side.  Occasionally  a  lew  y 
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occur  beneath  the  outer  epiderrn  but  they  do  not  form  a  continuous 
layer.  As  may  be  seen  in  cross  section,  crystal  cells  often  replace  palisade 
cells  on  the  upper  side  of  the  leaf  over  a  bundle. 

Flower.— In  structure  the  lobes  of  the  calyx  are  practically  the  same 
as  the  leaves  except  that  delicate  hairs  of  two  kinds  are  present:  (1) 
elongated,  pointed,  bi-cellular,  the  basal  cell  being  very  short,  and  (2) 
club-shaped  with  stalk  of  one  or  two  joints  and  head  of  several  cells 
usually  in  a  row,  although  one  or  more  of  the  cells  may  be  divided  by  a 
longitudinal  partition.  Hairs  of  the  first  type  occur  at  the  tips  of  the 
lobes;  those  of  the  second  type  at  the  base  on  the  inner  epiderrn.  The 
epidermal  cells  of  the  petals  have  wavy  walls,  except  at  the  base,  and 
longitudinally  striate  cuticle.  Pollen  grains,  up  to  46  ju,  are  of  the  usual 
ellipsoidal,  leguminous  type. 

Chief  Structural  Characters. — Plant  glabrous  to  the  naked  eye 
throughout  and  covered  with  bloom,  stipules  large  leaf-like  (distinction 
from  soy  bean  and  China  bean).  Leaflets  one  to  four  pairs,  with  ten¬ 
drils. 

Epidermal  cells  of  leaf  isodiametric,  very  slightly  wavy- walled. 
Crystal  cells  accompany  vascular  bundles.  Calyx  with  delicate,  long, 
pointed  and  short  club-shaped  hairs. 


CHINA  BEAN 

Vigna  sinensis  (L.)  Endl.  =  Dolichos  sinensis  L. 


Ger.  China-bohne. 


The  seed  of  the  China  bean,  also  known  as  the  black-eyed  bean  and 
in  the  United  States  as  the  cow  pea,  is  described  in  Volume  II  under 
Vegetables.  As  a  forage  legume,  as  well  as  a  shell  vegetable,  the  plant 
is  of  great  importance  in  the  southern  states  of  the  United  States.  Cow 
pea  hay  has  high  feeding  value. 


MACROSCOPIC  STRUCTURE.— In  general  appearance  the  plant 
resembles  the  common  bean,  also  the  soy  bean  except  that  the  stem  is 
not  hairy.  The  s^em  is  strongly  ribbed  and  in  the  lower  part  is  hollow. 

etioles  and  petiolules  also  have  ribs,  those  on  either  side  of  the  groove 
being  extended  as  keels.  Excepting  the  lowest  pairs,  which  are  simple 
on  very  short  petioles,  the  leaves  normally  have  three  leaflets  and  are 
borne  on  long  (often  over  15  cm.)  petioles.  The  petiolules  of  the  side 
leaflets  are  about  the  same  length  as  those  of  the  lowest  pair  of  leaves 
whfle  that  of  the  central  leaflet  is  several  times  longer.  The  two  lateral 

he  o  h  the  midrib  being  much  nearer  one  Tdge  E 

.  ther,  making  the  whole  more  or  less  triangular  with  the  two  bottom 
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angles  rounded  and  the  terminal  angle  pointed.  The  central  leaflet  is 


s>Tnmetrical. 

In  addition  to  the  midrib  two  prominent  lateral  ribs  arise  from  the 
base.  Because  of  hairs  visible  under  a  lens,  the  leaves  are  rough  to  the 
touch;  other  parts  are  practically  smooth.  Although  small  (10  to  15 
mm.)  the  stipules  are  leaf-like. 

The  himdsome  flowers  have  white,  cream-color,  or  violet  petals,  often 
cream-color  when  in  bud  and  violet  when  the  inner  surfaces  are  exposed. 
Unlike  the  common  bean  but  like  the  soy  bean,  the  keel  and  style  are 
not  coiled  but  curved  toward  the  standards.  The  calyx  has  five  tooth¬ 
like  lobes  equaling  or  exceeding  the  tube.  As  in  the  hyacinth  bean 
{Dolichos)  the  style  is  bearded  on  the  inside  but  the  stigma  instead  of 
being  at  the  very  tip  is  immediately  below  it,  while  opposite  on  the  out¬ 
side  the  style  is  extended  as  a  short  projection. 

MICROSCOPIC  STRUCTURE.— Stem,  Petiole,  and  Petiolule  con¬ 
sist  of:  (1)  epiderm  of  elongated,  parallel-walled  cells,  stomata,  and 
occasional  hairs  both  unicellular  and  capitate,  (2)  collenchyma  forming  a 
continuous  layer,  thickest  in  the  ribs,  (3)  thin  layer  of  cortex  parenchyma 
containing  chlorophyl  grains,  (4)  endodermis  (starch  sheath),  (5)  bast 
flbers  in  groups,  (6)  phloem  of  the  usual  elements  and  occasional  crystal 
cells,  (7)  xylem,  and  (8)  pith  of  starch  parenchyma  from  which  thin  med¬ 
ullary  rays  extend  to  the  cortex. 

The  unicellular  hairs  are  short  and  thorn-like,  being  broad  at  the 
base  and  curved  at  the  point;  the  capitate  hairs  have  multicellular  heads 

with  both  cross  and  longitudinal  partitions. 

As  in  the  soy  bean  the  starch  in  the  outer  layers  of  the  pith  occurs 
as  aggregates,  the  individuals  of  which  form  rounded  humps,  while  in 
the  central  portion  only  individual  grains  are  present.  Both  are,  how¬ 
ever  smaller  than  in  the  soy  bean,  the  aggregates  reaching  10  y  and  the 


individuals  only  4  ,  u  •  i  ^ 

Leaves— Wavy-wallcd  cells,  stomata,  and  hairs  make  up  both 

epiderms,  the  stomata  being  strikingly  numerous  on  the  lower  eP'derm^ 

Thom-like  unicellular  hairs  and  capitate  hairs, 

stem  are  present,  the  former,  however,  being  limited  chiefly  to  the  rib 
and  veins  on  the  lower  surface.  In  addition  to  these,  long,  pointed  haim 
^p  tl  o  5  >  with  broad- lumens  ami  thick  walls,  are  present  on  both 

surfaces  These,  except  for  a  very  short  foot  cell,  are  unicellular. 

As  in  the  soy  bean,  crystal  cells  accompany  the  phloem  elemen  . 

^tinulL  have  the  general  structure  of  the  leaves  except 

bundles. 
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Flower— The  absence  of  long  hairs  and  the  wavy-walled  cells  distin¬ 
guish  the  calyx  from  the  leaves.  Numerous  thorn-like  and  capitate 
hairs  are  present.  The  corolla  is  of  the  usual  papillose  type  with 
color  in  solut-’on.  The  pollen  grains  are  rounded  triangular  (not 
ellipsoidal  as  in  many  legumes)  and  faintly  reticulated,  up  to  80  y  in 
diameter. 

Chief  Structural  Characters. — Stem  practically  smooth;  leaflets 
normally  three  on  very  long  petiole;  flowers  white  or  violet. 

Epidermal  cells  of  leaf  with  wavy-walled  cells,  and  short  thorn-like 
unicellular,  long  thick-walled  unicellular,  and  capitate  hairs.  Pollen 
grains  rounded  triangular  (not  ellipsoidal  as  in  many  legumes). 

CHEMICAL  COMPOSITION. — See  tables  under  Forage  Legumes. 


SPRING  VETCH 

Vida  saliva  L. 

Fr.  Vesce.  Sp.  Alverja.  It.  Veccia.  Ger.  Futterwicke. 

In  both  Europe  and  America  common  or  Spring  vetch  is  used  for 
green  forage,  hay,  and  silage,  as  well  as  for  green  manuring.  The  seed 
is  described  in  Volume  II  under  Vegetables. 

MACROSCOPIC  STRUCTURE. — The  weak,  four-sided  stem,  up  to 
1  meter,  is  more  strongly  angled  than  in  the  pea,  also  much  more  slender 
and  not  hollow.  Usually  the  petioles  are  less  than  5  mm.  Normally 
the  pairs  of  leaflets  of  the  pinnate  leaf  range  up  to  seven  and  the  indi¬ 
vidual  tendrils  up  to  five.  Although  varying  greatly  the  leaflets  usually 
are  less  than  1.5  cm.  long,  slender,  and  obtuse,  ending  in  a  point  about 
0.5  mm.  long.  They  exceed  the  joints  of  the  rachis  between  adjoining 
pairs.  Delicate  hairs  are  evident  to  the  naked  eye  on  the  leaves  but 

are  not  noticeable  on  the  stem.  The  stipules  are  minute,  ear-shaped 
with  pointed  lobes. 

MICROSCOPIC  STRUCTURE.  Stem.-As  is  true  of  the  pea,  its 
near  relative,  but  not  the  soy  and  China  beans  of  the  Phaseolus  group 
th^e  stem  is  not  woody,  collenchyiiia  occurs  only  at  the  angles,  and  the 
fibro-vascular  bundles  are  much  less  bulky  than  the  intervening  paren- 
c  yma  Unlike  that  of  the  pea  the  stem  is  hairy,  the  hairs  being  long 
(up  to  1  mm.)  about  15  m  broad,  pointed,  flattened,  twisted,  unicellular 
with  walls  so  thick  as  often  to  reduce  the  lumen  to  a  mere  line  The 
numerous  twists  in  these  hairs  and  at  times  the  almost  complete  extinc- 

muh  °  IM  T""".  «^^'’^<=*e>'istic.  Short  capitate  hairs  with 

multicellular  heads  are  also  present.  Not  being  hollow  thin-walled 

empty  parenchyma  forms  the  central  pith  column.  “ 
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Leaf— Wavy-walled  cells  and  stomata  like  those  in  the  pea,  but 
smaller,  also  hairs  make  up  the  epiderms.  Hairs  are  more  numerous 
than  on  the  stem,  but  of  the  same  types. 

Chief  Structural  Characters. — Plant  pubescent,  stem  weak; 
pairs  of  leaflets  usually  up  to  seven  and  tendrils  up  to  five. 

Stem  not  woody;  epidermal  cells  of  leaf  wavy- walled;  hairs  numer¬ 
ous,  some  long,  unicellular,  twisted,  thick-walled,  others  short  capitate. 

CHEMICAL  COMPOSITION. — See  tables  under  Forage  Legumes. 


WINTER  VETCH 

Vicia  villosa  Roth. 

Hairy  or  Russian  vetch  is  grown  in  the  British  Isles  and  also  in  the 
United  States,  where  it  is  known  as  Winter  vetch  because  it  endures  the 
northern  winters  better  than  common  or  Spring  vetch.  Like  the  latter 
it  is  used  for  green  forage,  hay,  silage,  and  soiling. 

The  seed  is  described  in  Volume  II  under  Vegetables. 

MACROSCOPIC  STRUCTURE. — Hairs  are  conspicuous  through¬ 
out.  The  leaflets  are  longer,  often  exceeding  2  cm.,  and  the  stipules  are 
larger  than  in  Spring  vetch. 

MICROSCOPIC  STRUCTURE. — As  in  Spring  vetch  except  that 
hairs  are  more  numerous. 

CHEMICAL  COMPOSITION. — See  tables  under  Forage  Legumes. 


JAPAN  CLOVER 

Lespcdeza  striata  Hook  et  Arn. 

Fr.  Trefle  dii  japon.  Ger.  Japanischer  Kleber. 

This  annual,  long  since  well  established  in  the  southern  United  States, 

is  well  adapted  for  forage,  hay,  and  soiling. 

MACROSCOPIC  STRUCTURE.  —  The  plant  is  pubescent;  the 

trifoliate  leaves  are  small,  each  leaflet  showing  colorless  veining,  running 
parallel  from  the  midrib,  and  ending  in  a  beak;  flowers  are  pink, 

in  clusters.  „  ,  ,  .  r  i  ..11 

MICROSCOPIC  STRUCTURE. — The  unicellular  hairs  found  on  all 

parts  of  the  plant  are  apprcWd,  long,  abut  15  g  broad,  finely  warty, 
with  narrow  hinicn,  and  end  abruptly  in  a  sharp  point  (not  tapering  as 
in  alfalfa  and  the  conunon  clovers).  Crystal  cells  accompany  the  bun¬ 
dles  The  walls  of  the  lower  epiderm  of  the  leaf  are  thin  and  wavy. 
CHEMICAL  COMPOSITION— See  table  under  borage  Legumes. 
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{Cactacese) 

The  plants  of  this  family  are  extensively  used  as  stock  food  in 
southwestern  United  States  and  Mexico.  Griffiths  and  Hare  ^  have 
prepared  an  exhaustive  monograph  of  the  prickly  pears  (Platopuntia) 
and  cane  cacti  (Cylindropuntia). 

COMPARATIVE  MACROSCOPIC  STRUCTURE.— The  joints  of 
the  fleshy  stems  are  flattened  in  the  prickly  pears  (wild  varieties)  and 
tunas  (cultivated  varieties  of  uncertain  origin  according  to  Griffiths  and 
Hare),  varying  greatly  in  the  ratio  of  breadth  to  length,  the  shorter  and 
broader  joints  occurring  in  the  tuna.  In  the  cane  cacti  the  joints  are 
rounded.  Although  the  numerous  leaves  are  inconspicuous  and  disap¬ 
pear  early,  their  positions  are  marked  by  the  so-called  areoles  with  tufts 
of  hairs,  barbed  bristles,  and,  especially  in  the  case  of  tuna,  spines.  The 
structure  of  the  flower  and  fruit  is  considered  under  Prickly  Pear, 
Volume  H. 

COMPARATIVE  MICROSCOPIC  STRUCTURE.— No  data  on  the 
comparative  histology  of  the  vegetative  organs  are  available.  The 
fruit  is  described  under  Prickly  Pear,  Volume  II. 

COMPARATIVE  CHEMICAL  COMPOSITION. — Analyses  have 
been  made  by  Griffiths  and  Hare  ^  of  numerous  samples  of  the  stems  and 
of  the  stems  and  fruit,  representing  species  belonging  to  the  genus 
Opunha  grown  m  Texas  and  adjoining  regions.  The  table  on  the  follow¬ 
ing  page  shows  the  average  analyses  of  the  stems  of  the  prickly  pear,  of 
the  cane  cactus,  and  of  a  representative  species  of  each,  also  the  average 

o  all  analyses  of  stems  and  fruit  of  the  prickly  pear  (94  samples)  and 
or  the  cane  cactus  (66  samples). 

Carbohydrates.-Hare2  found  that  both  glucose  and  fructose  appear 

e?her  t"  o!™*  extracted  with 

3  wLrSth  f  ^  levorotatory  extract  the  osazone 

of  which  had  the  properties  of  glucosazone.  A  substance  intermediate 

cx1rrcrofThe  rd''"f  from  a  60  per  cent  alcohol 

extract  of  the  dried  stems.  Before  hydrolysis  it  was  non-reducing.  In 

^  New  Mexico  Agr.  Exp.  Sta.  1906,  Bui.  60. 

New  Mexico  Agr.  Exp,  Sta.  1911,  Bui.  80;  Biochem.  Bui.  1912  2  173 
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Average  Composition  of  Cactus  Fodders  (Griffiths  and  Hare) 


Water 

Protein 

Fat 

N-f.  ext. 

V 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

Stems: 

Prickly  pear . 

83.31 

0.77 

0.30 

9.85 

2.38 

3.45 

0.  linheimeri . 

83.41 

0.75 

0.31 

9.41 

2.64 

3.48 

Cane  cactus . 

75.91 

1.62 

0.45 

13.45 

3.90 

4.42 

0.  f  ulgida . 

75.63 

1.04 

0.37 

16.99 

2.93 

3.05 

Stems  and  fruit: 

Cane  cactus . 

78.47 

1.41 

0.63 

12.30 

3.59 

3.61 

Prickly  pear . . 

84.24 

0.73 

0.34 

8.95 

2.38 

3.03 

alcohol  above  60  per  cent  strength  the  substance  reprecipitated  in  floc- 
culent  form.  The  precipitate  was  soluble  in  water  without  forming  a 
mucilage  and  on  hydrolysis  was  dextrorotatory. 

Mineral  Constituents. — Griffiths  and  Hare  ^  give  complete  ash 
analyses  of  27  samples,  representing  nearly  as  many  species,  mostly 
consisting  of  stems,  in  percentages  of  the  pure  ash,  a  summary  of  which, 
recalculated,  follows.  Further  recalculation  to  the  original  fresh  sub¬ 
stance  for  comparison  with  foregoing  figures  was  not  possible,  owing  to 
the  lack  of  certain  data,  but  a  general  idea  may  be  obtained  by  assuming 
that  the  fresh  material  contained  an  average  of  3  per  cent  of  ash  and 
recalculating  the  individual  average  results  to  that  basis.  The  maxi¬ 
mum  percentages  of  silica  (Si02),  iron  (Fe203),  and  alumina  (AI2O3) 
occurred  in  a  sample  containing  somewhat  more  sand  than  pure  ash  and 
were  doubtless  derived  largely  from  adhering  soil. 


Ash  Analyses  or  Stems  of  Prickly  Pear  and  Other  Cacti  (Griffiths  and  Hare) 


K2O 

Na20 

CaO 

MgO 

Fe203 

.\l2O8 

Mn203 

P2O5 

SO3 

Hi02 

Cl 

CO2 

% 

Min .  3.76 

Max. ...  20.02 
Aver. ...  11.69 

% 

0.00 

2.25 

0.58 

% 

28.28 

47.57 

38.35 

% 

2.77 

15.43 

8.85 

% 

0. 14 
1.46 

0.44 

% 

0.00 

1.72 

0.45 

% 

0.06 

1.95 

0.51 

% 

0.22 

2.04 

1.04 

% 

0.34 

3.43 

1.36 

% 

0.29 

7.10 

1.25 

% 

0.30 

6.18 

1.84 

% 

27.75 

39.72 

33.66 

Attention  is  called  by  the  authors  10  int  iiigi  ^  ^ 

lime  and  magnesia  in  the  ash.  These  bases  combined  as  carbonate  bear 
a  direct  relation  to  the  alkaline  soils  of  the  desert  regions  m  which  the 

cacti  grow. 


1  Loc.  cit. 
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A 

Abura-na,  457 
Acetic  acid  (reagent),  5 
Acetyl  number,  358 
Acid,  acetic  (reagent),  5 
amides,  8 
a-amino-acetic,  7 
a-amino-caproic,  7 
a-amino-glutaric,  7 

a-amino  -  p  -  hydroxy  -  phenyl  -  propri- 
onic,  7 

a-amino-/3-hydroxy-proprionic,  7 
a-amino-|S-imidazol-proprionic,  8 
a-amino-^-indol-proprionic,  8 
a-amino-iso-butyl-acetic,  7 
a-amino-iso-valeric,  7 
a-amino  -yS-methyl  -/3 -ethyl  -  proprion  ic, 
7 

a-amino-/3-phenyl-proprionic,  7 

a-amino-proprionic,  7 

a-amino-succinic,  7 

a-amino-/3-thio-lactic,  7 

arachidic,  9 

aspartic,  7 

behenic,  9 

benzoic,  13 

butyric,  9 

capric,  9 

caproic,  9 

caprylic,  9 

citric,  13 

clupanodonic,  10 

a,  €-diamino-caproic,  7 

a-diamino-/3-dithio-lactic,  7 

a-diamino-6-guanido-valeric,  7 

erucic,  9 

esculic,  347 

esculinic,  347 

gallic,  13 

gallotannic,  13 

glutamic,  7 


Acid,  glutaminic,  7 
isolinolenic,  9 
lauric,  9 
lignoceric,  9 
linolenic,  9 
linolic,  9 
malic,  13 
myristic,  9  • 
nitric,  8 
nucleic,  14 
number,  358 
oleic,  9 

oxy-a-pyrrolidine-carboxylic,  8 
palmitic,  9 
phosphoric,  16 
phytic,  14 

pyrrolidine-carboxylic,  8 
salicylic,  13 
stearic,  9 
sulphuric,  16 
tannic,  13 
tartaric,  13 
tritico-nucleic,  14 
Acids,  amino,  7 
free,  8 

diamino  monobasic,  7 
dibasic,  monoamino,  7 
fatty,  8,  9 
free,  8 

free  amino,  8 
monoamino  dibasic.  7 
monobasic,  7 
monobasic,  diamino,  7 
monoamino,  7 
nucleic,  14 
animal,  15 
plant,  14,  15 
thymus,  14 
yeast,  14 
organic,  12 

Ackerschwarzkiimmel,  427 
675 
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Ackersper^el,  340 
Acorns,  300 

Acrocomia  sclerocarpa,  372 
Adenine,  14 
Adonide,  425 
Adonidin,  425 
Adonis,  422 
sestivalis,  425 
Adormidera,  429 
/Esculus  Hippocastanum,  33,  345 
Aj^rosteniin,  331,  335 
Agrostemma  Githago,  331 
AKrostemina-sapotoxin,  335 
Agrostidew,  49 
Agrostis,  49,  630 
vulgaris,  640,  641 
Akaschnuss,  534 
Alanine,  7 
Albumen,  2 
Albumin,  2 
Albuminoids,  6 
Alcohol,  grain  (reagent),  5 
Aleurites  rnoluccana,  541 
triloba,  541  * 

Aleurone  grains,  4 
Alfalfa,  642,  643,  646 
acids,  657 
amides,  655 
amino  acids,  655 
ash,  646 
bases,  655 
carbohydrates,  (>57 
coloring  matter,  657 
composition,  649 
enzymes,  658 
feed,  651 
green,  649 
hay,  650,  652 
ketones,  t)57 
meal,  651 
leaf,  651 
stem,  t)51 

mineral  constituents,  659 
oil,  656 

composition,  ()56 
values,  65t) 

I)hosphorus-organic  compounds,  657 
polypeptides,  655 
products,  651 
proteins,  652 


Alfalfa,  proteins,  amino  acids,  654 
N-distribution,  654,  655 
saponin,  656 
structure,  646 
chief  characters,  648 
Algoddn,  551 

Alimentary  pastes,  247,  248 
Alismacew,  44 
Allochlorophyl,  657 
Almendra,  476 
Almond,  470,  474,  475,  476 
Alicanti,  477 
amygdalin,  483 
bitter,  476,  480 
I  butter,  477,  481 
Chinese  sweet,  480 
composition,  479 
enzymes,  484 
flour,  477 

hard-shelled,  479,  480 
Jordan,  477 
Malaga,  477 
Mallorca,  477 
meal,  477,  481 
mineral  constituents,  484 
oil,  482 

composition,  483 
values,  482 

paper-shelled,  476,  479 
paste,  477,  481 
proteins,  481 
amino  acids,  481 
N-distribution,  482 
shells,  480 
structure,  477  _ 

chief  characters,  479 
sweet,  476,  479,  480 
thin-shelled,  476 
Valencia,  477 
Almonds,  green,  574 
Alpiste,  156 
Alsike  clover,  643,  662 
ash,  ()46 

forage,  green,  644 
hay,  ()45 
Alumina,  16 
Alverja,  671 
Alyssutu  sativum,  462 
Amande,  476 
Amandin,  476,  481,  487 
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Amarantacece,  320,  333 
Amarante,  436 
Amaranth  family,  326 
weed  seeds,  320 
Amarantus  relroflexus,  320 
Ambrosia  artemesivtfolia,  023,  027 
trifida,  623 
.Amides,  6 

acid,  8  ^ 

Amidonnier,  253 
Amino  acids,  7 
of-Amino-acetic  acid,  7 
a-Amino-caproic  acid,  7 
a-Amino-glutaric  acid,  7 
a- Amino  -  p  -  hydroxy  -  phenyl  -  proprion  ic 
acid,  7 

a-Amino-|8-hydroxy-proprionic  acid,  7 
a-Amino-/3-imidazol-proprionic  acid,  8 
a:-Amino-/3-indol-proprionic  acid,  8 
a- Amino-iso-butyl-acetic  acid,  7 
ct-Amino-iso-valeric  acid,  7 
a- Amino  -/3  -  methyl  - /3  -ethyl  -  proprionic 
acid,  7 

a-Amino-iS-phenyl-proprionic  acid,  7 
a-Amino-proprionic  acid,  7 
a-Amino-succinic  acid,  7 
a-Amino-jS-thio-lactic  acid,  7 
Ammonia,  8 
Ampfer,  krauser,  319 
Amygdalase,  15 
Amygdalin,  12,  476,  483 
Amygdalus  communis,  476 
persica,  485 
Amylase,  15 
Amylocellulose,  25 
Amylodextrin,  25 
Amylopectin,  25 
a-Amylose,  25 
/3-Amylose,  25 
Anacardiaceas,  44,  543 
Anacardium  occidentalis,  543 
Analyses,  dry-basis,  17 
water-free,  17 
Andropogon,  640 
Sorghum,  109,  115 
durra,  115 
saccharatus,  108 
technicus,  104 
vulgar  e,  104,  114 
Andropogonex,  49 


Annular  vessels,  3 
Anstn-ine,  322 
Apiin,  12 
Apio  starch,  39 
structure,  39 
Apiose,  11 
Apparatus,  5 
polarizing,  5 

=^pricot  kernel,  470,  475,  488 
composition,  489 
enzymes,  491 
oil,  490 
Chinese,  490 
composition,  490 
Japanese,  490 
Mongolian,  490 
values,  490 
structure,  488  ^ 

chief  characters,  489 
Araban,  12 
Z-Arabinose,  11 
Aracex,  38,  39 
Arachide,  497,  663 
Arachidic  acid,  9 
Arachin,  506 

Arachis  hypogxa,  497,  643,  663 
Araucaria,  360,  361 
starch,  43 
structure,  43 
Araucaria  hraziliana,  43 
Arctium  Lappa,  628 
Arenga  saccharifera,  34 
Arginase,  15 
Arginine,  7 
Argyrin,  348 
Armeniaca  vulgaris,  488 
Ai'racacha  starch,  39 
structure,  39 
Arr acacia  esculenta,  39 
Arrhenatherum  avenaceum,  640 
Arrowhead  starch,  44 
structure,  44 
Arrowroot,  Bahia,  37 
Bermuda,  31 
Brazilian,  38 
East  Indian,  31 
Florida,  44 
Jamaica,  31 
Natal,  31 

New  South  Wales,  31 
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Arrowroot,  Para,  37 
Portland,  38 
Queensland,  31 
Rio,  37 

St.  Vincent,  31 
West  India,  31 
Williams’,  38 
Arroz,  130 
Arsenic,  17 

Artichoke,  Jerusalem,  635 
Artocarpus  incisa,  42 
integrifolia,  42 
Arum  esculentum,  38 
italicum,  38 
maculaturn,  38,  39 
Arum  starch,  38 

composition,  38 
structure,  38 
Arvenniisse,  362 
Ash,  16 

Aspartic  acid,  7 
Assimilation  starch,  22 
Ast«roide,  340 
Astrocaryum,  372 
Attalea  funifera^  372 
Cohune,  372 
Avellana,  405 
Avenay  49 
fatua,  159,  175 
orienlaliSf  159 
saliva,  158,  640,  641 
Avena,  158 
silvestre,  175 
sterile,  175 
Avenalin,  170 
Avene3e,  49 
Avoine,  158 
Avorio  vegetale,  386 

B 

Bacca  della  rosa,  470 
Bacillus  hotulinus,  591 
Badisha-lai,  446 
Bahia  arrowroot,  37 
Bamboo,  50 
Bambusa,  50 
Bambusese,  50 
Bamihl  test,  202,  215 
Banana  starch,  32 
structure,  32 


Bancoulier,  541 
Bankoul,  541 
Bankulnuss,  541 
Barharea,  536,  539 
Barbarea,  461 
prspcox,  462 
vulgaris,  438,  441,  461 
Bardana,  628 
Bardane,  628 
Barley,  50,  269 
bran,  278 

by-products,  286,  290,  291 
carbohydrates,  285 
composition,  276,  279 
embryo,  278 
endosi)erm,  278 
enzymes,  285 
fat  (oil),  283 
values,  283 
flour,  276,  279 
four-rowed,  293 
grits,  276 
high-protein,  279 
horny,  278 
hulls,  278 
low-protein,  279 
malt,  286 
mealy,  278 

mineral  constituents,  285 
naked,  60 
.  i)earl,  276,  279 

phosphorus-organic  compounds,  28 
porphyrin,  285 
products,  275,  278 
composition,  279,  286 
microscopy,  275 
proteins,  279,  280 
amino  acids,  281 
N-distribution,  283 
six-rowed,  292 
storage  changes,  279 
structure,  269 

chief  characters,  275 
two-rowed,  269 
Barnyard  grass,  127 
millet,  Japanese,  49,  126 
Bases,  purine,  8 
Bast  fibers,  3 
Bastardklee,  662 
Batata  starch,  38 
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Batatas  edulis,  38 
Baudoin  test,  605 
Baumwollsamen,  551 
Bean,  black-eyed,  669 
China,  see  China  bean, 
hyacinth,  670 
soy,  see  Soy  bean, 
starch,  42 

composition,  43 
structure,  42 
tree  seed,  343 
starch,  39 
structure,  39 
yam,  starch,  39 
Becchi  test,  565 
Beech  family,  410 
nuts,  410 
Beechnut,  410 
cake,  411 
choline,  412 
composition,  411 
oil,  411 

composition,  412 
structure,  410 
Behenic  acid,  9 
Bellota,  300 
Benzoic  acid,  13 
Bermuda  arrowroot  (starch),  31 
Bertholletia  excelsa,  577 
nohilis,  577 
Besenhirse,  104 
Betaine,  8 
Betulaceae,  405 
Bhotiya-lai,  446 
Bieber’s  reagent,  483 
Bignoniacese,  598 

Bindweed,  black,  see  Black  bindweed. 
Birch  family,  406 
nuts,  405 

Bird’s-foot  trefoil,  642 
Biscuit,  244 
composition,  246 
Bitter  cassava  starch,  37 
Black  bindweed,  314 
composition,  318 
products,  317 
microscopy,  317 
structure,  315 
chief  characters,  317 
caraway,  422 


Black  caraway,  field,  422,  427 
cumin,  422,  428 
grama,  49 
grass,  635 

mustard,  438,  439,  441,  443 
rice,  153 
walnut,  390,  398 
Black-eyed  bean,  669 
Bladder  campion,  330,  336 
Ble,  190 
dur,  250 

noir  tartarique,  313 
Bolsa  de  pastor,  464 
Bombacacese,  573 
Bomhacese,  43,  565 
Bombax  family,  573 
seeds,  573 

Bombax  Ceiba,  573,  575 
malabaricum,  573,  375 
pentandrum,  573 
Bootia  vulgaris,  338 
Borassus  flabelliformis,  34 
Borsa  da  pastore,  464 
Borstengras,  116 
gelbe,  121 
Bouncing-bet,  338 
Bran,  corn,  72,  80 
rice,  137,  138,  139,  140 
rye,  261 

wheat,  203,  212 
Brassica,  436,  439,  443 
alba,  438,  441 
arvensis,  438,  439,  441 
Besseriana,  438,  441 
Campestris  chinensis,  457 
Sarson,  438,  441,  455 
chinensis,  457 
dichotoma,  438,  440,  441 
dissecta,  438,  441,  447 
Eruca,  445 
glauca,  457 
juncea,  438,  441,  447 
Napus  dichotoma,  438,  441,  448 
oleifera,  438,  441,  449 
annua,  449 
hiemalis,  449 
nigra,  438,  441 
Rapa  oleifera,  438,  441,  454 
annua,  454 
heimalis,  454 
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Brassica  Rapa  rugosa,  438,  441,  446 
Brazil  nut,  677 

composition,  579 
oil,  581 

composition,  582 
values,  581 
proteins,  580 
amino  acids,  580 
N-distribution,  580 
shell,  579 
structure,  577 

chief  characters,  578 
Brazilian  arrowroot  (starch),  38 
pine  nut,  360 
Bread,  cottonseed,  561 
rye,  268 
wheat,  203,  244 
composition,  244 
graham,  201,  244 
whole,  244 
Breadfruit  starch,  42 
structure,  42 

Brewers’  grains,  276,  290,  291 
ofTal,  291 

Brome  ties  seigles,  186 
Bromo,  186 
BrotmiSy  50 
secalinus,  186 
Broom  corn,  49,  104 
composition,  108 
protlucts,  108 
microscopy,  108 
structure,  104 

chief  characters,  108 
Brown  Indian  rape,  448 
mustard,  443 
Bucheichel,  410 
Buchweizen,  303 
Tartarischer,  313 
Buckwheat,  303 
by-products,  309 
carbohydrates,  312  • 

common,  303 
composition,  309 
enzymes,  312 
family,  302 

buckwheats,  302 
weed  seeds,  302 
fat,  312 
flour,  308,  309 


Buckwheat,  forage,  635 
griddlecake  mixtures,  309 
grits,  309 
hulls,  308,  309 
middlings,  308,  309 
mineral  constituents,  313 
notch-seeded,  303 

phoai)horus-organic  compounds,  312 
pigment  of  hulls,  312 
products,  308 
microscopy,  308 
proteins,  310 
amino  acids,  311 
N-distribution,  312 
shorts,  308 
structure,  304 

chief  characters,  308 
Tartary,  303,  313 
wild,  314 

Bull  thistle,  609,  629 
Bundles,  collateral,  3 
concentric,  3 
dicotyledonous,  3 
fibro-vascular,  3 
monocotyledonous,  3 
radial,  3 

Burdock,  609,  628 
Bursera  family,  636 
fruits,  536 
seeds,  536 
Burseracesp,  536 
Buttercuj),  422 
family,  422 

weed  seeds,  422 
tall,  423 
Butternuss,  397 
Butternut,  390,  397 
Butyric  acid,  9 

C 

Cabada  comun,  293 
Cacahuate,  497,  663 
Caclaceie,  673 
Cacti,  cane,  673 

C()mi)osition,  674 
forage,  see  I'orage  cacti. 

Cactus  family,  635,  673 
Cake,  247 
beechnut,  41 1 
cocoanut,  382 
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Cake,  cottonseed,  556 
false  flax,  464 
hemp,  418 
linseed,  530 
madia,  620 
maize  germ,  73 
niger,  622 
palm  kernel,  370 
peanut,  504 
poppy  seed,  432 
radish,  Chinese,  445 
rape,  449,  451 
rocket,  446 
sesame  seed,  601 
soy  bean,  516 
sunflower,  614 
Cakes,  oil,  369 
Calcium  carbonate,  4 
oxalate,  4 
crystals,  4 
Calories,  17 
calculation,  18 
Cambiform  cells,  3 
Camelina,  436 
saliva,  438,  441,  462 
Cameline,  462 
Cameline,  462 
Camera  lucida,  4 
Campion,  bladder,  330,  336 
evening,  338 
Canada  thistle,  609,  630 
Canamo,  413 
Canapa,  413 
Canarium,  536,  537 
album,  536,  538 
commune,  537,  538,  539 
indicum,  537 

luzonicum,  536,  537,  538,  539 
oleosum,  537,  538,  539 
pachyphyllum,  537,  538,  539 
pimela,  536 

polyphyllum,  537,  538,  539 
Canary  seed,  49,  166 
composition,  157 
mineral  constituents,  158 
structure,  156 
chief  characters,  157 
Candlenut,  641 
composition,  542 
oil,  542 


Candlenut  oil,  values,  542 
structure,  541 
chief  characters,  542 
Cane  cacti,  673,  674 
Canna  Achiras,  31 
cocdnea,  31 
edulis,  31 
indica,  31 
lanuginosa,  23 
Canna  starch,  31 
composition,  31 
structure,  31 
Cannabinol,  420 
Cannabis  saliva,  413 
indica,  413 
Capric  acid,  9 
Caproic  acid,  9 
Caprylic  acid,  9 
Capsella,  436,  439 
Bursa-pasloris,  438,  441,  464 
Caraway,  black,  422 
field,  422,  427 
Carbohydrates,  10,  11 
Carbon  dioxide,  16 
Cardo,  629,  630 
canadiense,  630 
silvestre,  629 
Carduus  arvensis,  630 
lanceolalus,  629 
Carotte,  585 
Carricera,  121 
Carrot  seed,  wild,  686 
composition,  586 
oil,  fixed,  586 
volatile,  586 
structure,  585 
Carya  alba,  403 
amara,  404 
ovala,  390,  403,  404 
Pecan,  390,  399 
Caryophyllaceae,  330,  333 
Caryola  urens,  34 
Cashew  apple,  543 
family,  643 
nuts,  543 
nut,  643 

composition,  545 
flour,  543 
husk,  545 
kernel,  546 
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Cashew  nut,  oil,  656 

composition,  547 
values,  546 
structure,  543 

chief  characters,  545 
Cassiiva  starch,  37 
hitter,  37 
composition,  37 
structure,  37 
sweet,  37 

Ca.ssurium  pomiferum,  543 
Cast  ana,  295 
nut,  577 

Castanea  alnifolia,  295 
americana,  295 
creyiata,  295 
ileritataj  295 
moUissima,  295 
purnila,  295 
saliva,  33,  295 
americana,  295 
vesca,  295 

Castaho  de  Indias,  345 
Castanos  per  muni  australe,  39,  343 
Catalases,  15 

Catchfly,  night-flowering,  330,  339 
Cebada  caballar,  292 
ladilla,  269 
Ceiba  penlandra,  573 
Cell  contents,  3 
nucleus,  3 
Cellular  tissues,  3 
Cellulose,  12 
starch,  25 
Centeno,  256 
Central  cylinder,  2 
Cerasus  avium,  494 
vulgaris,  496 
Cereals,  21,  49 
re8f)iration,  62 
Chsrtochloa  glauca,  121 
viridis,  116 
Chanvre,  413 
Chardon,  629,  630 
Charlock,  438,  439,  441,  443  . 

jointed,  443 
white,  443 

Chemical  composition  in  six  groups,  5 
Chenopodiaceap,  322,  333 
Chcnopodium  album,  322 


Cheno podium  album  viride,  322 
quinoa,  325 

Cherry  kernel,  470,  475 
sour,  496 
sweet,  494 

amygdalin,  495 
composition,  495 
enzymes,  495 
oil,  495 
structure,  4t)4 

Chess,  50,  186 
structure,  18() 

chief  characters,  189 

Chestnut,  296 

carbohydrates,  298 
composition,  296 
fat,  298 
flour,  295,  298 
horn,  349 
starch,  40 

kernels,  296,  297,  298 
mineral  constituents,  299 
Moreton  Bay,  343 
starch,  33 
structure,  33 
structure,  295 

chief  characters,  296 
water,  349 
starch,  44 

Chickling  vetch  (forage),  635 
China  bean  (forage),  643,  669 
green,  644 
hay,  645 

China-Bohne,  669 

Chinese  cabbage-leaved  mustard,  44t) 
olive,  636 
radish  seed,  446 
rape,  455,  467 
bases,  458 
cake,  458 
composition,  458 
mineral  constituents,  458 
oil,  458 
structure,  457 
waxy  maize,  96 
Chinesischer  Oelsenf,  445 
Chloral  hydrate  (reagent),  5 
Chlorideae,  49 
Chlorine,  16 
Chlorophyl  grains,  3 
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Chloroplasts,  3 
Chlorzinc  iodine  (reagent),  5 
Cholam,  114 
Cholesterol,  8 
Choline,  8,  412 
Chromatophores,  3 
Chi’omoplasts,  3 
Cirsium  arvense,  630 
lanceolatum,  629 
Citric  acid,  13 
Cizana,  182 

Clinogyne  dichotonia,  33 
Clinogyne  starch,  33 
structure,  33 

Clover,  alsike,  see  Alsike  clover, 
crimson,  see  Crimson  clover. 
Japan,  see  Japan  clover, 
red,  see  Red  clover, 
white,  646,  662 
Clupanodonic  acid,  10 
Cnicus  arvensis,  630 
lanceolatus,  629 
Cob  meal,  71 
nut,  405 
Cocco,  373 

Cockle,  corn,  see  Corn  cockle, 
cow,  see  Cow  cockle, 
white,  see  White  cockle. 

Coco,  373 
Cocoanut,  373 
cake,  381 

carbohydrates,  385 
composition,  380 
meal,  381 
milk,  381 

mineral  constituents,  385 
oil,  383 

composition,  384 
values,  383 

products,  380,  381,  382 
proteins,  382 
amino  acids,  382 
N-distribution,  383 
shells,  373 
shredded,  373,  381 
structure,  374 
chief  characters,  379 
Cocos  nudfera,  373 
syagrus,  372 
Coda  di  volpe,  121 


Coelococcus,  386 
Cohune  nut,  372 

composition,  372 
oil,  373 
proteins,  373 
structure,  372 
Coicin,  102,  103. 

Coix,  49 

arundinacea,  100 
Lacryma-Johi,  100 
Coix,  100 
composition,  102 
mineral  constituents,  104 
proteins,  102 
amino  acids,  103 
N-distribution,  103 
structure,  100 

chief  characters,  102 
Collateral  bundles,  3 
Collenchyma,  3 
Colocasia  antiquorum,  39 
Colza,  449 
Indian,  455 

Comfrey,  prickly,  635  ' 

Common  buckwheat,  303 
millet,  122 

rape,  438,  439,  441,  449 
carbohydrates,  454 
composition,  451 
mineral  constituents,  454 
oil,  fatty,  452 

composition,  453 
sterols,  453 
values,  452 
volatile,  451 

phosphorus  -  organic  compounds 
454 

proteins,  451 
structure,  449 
Summer,  449 
Winter,  449 
spurrey,  330,  340 
wheat,  see  Wheat. 

Compositse,  609 
Composite  family,  609 
classification,  609 
seeds,  609 

tribe  characters,  609 
sunflower,  609 
thistle,  609 
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Composition,  chemical,  5 
range,  17 
Conarachin,  506 
Concentric  bundles,  3 
Conglutin,  282 
Conringia  orientaliSy  460 
Constituents,  crude,  5 
mineral,  16 
minor,  16 
Convolvulacesp,  38 
Cookies,  247 
Coontie,  starch,  44 
composition,  44 
structure,  44 
Copper  in  foods,  16 
Copra,  373,  381 
meal,  385 
Coracan,  49,  178 
composition,  180 
enzymes,  181 
proteins,  181 

N-distribution,  181 
structure,  179 

chief  characters,  180 
Cork,  3 

Corn,  see  Maize. 

broom,  see  Broom  corn, 
cockle,  330,  331 
composition,  335 
saponin,  335 
structure,  332 

chief  characters,  335 
flakes,  72 
Indian,  see  Maize. 

Kaffir,  see  Kaffir  corn, 
puffed,  72 
spurrey,  340 
sweet,  93 

carbohydrates,  95 
composition,  95 
structure,  93 

chief  characters,  95 
Corozo,  386 
Correguela,  314 
Cortex,  2,  3 
Corylin,  407,  408 
Corylus  americana,  405 
,  avellana,  405 
californica,  405 
maxima^  405 


Corylus  pontica,  405 
rostrata,  405 
tubulosa,  407 
Cotone,  551 
Cotonnier,  551 
Cotton,  Barbadoes,  571 
common,  see  Cottonseed. 

Egyptian,  571 
long-staple,  571 
sea  island,  551,  571 
tree,  551 
upland,  551 
Cottonseed,  661 
Barbadoes,  571 
cake,  556 

carbohydrates,  566 
composition,  556 
Egyptian,  571 
flour,  561 
gossypol,  566 
hulls,  556 
kernels,  556 
1  inters,  556 
long-staple,  571 
meal,  559,  563 
mineral  constituents,  570 
nitrogenous  bases,  563 
oil,  563 

composition,  564 
reactions,  565 
sterols,  565 
values,  563 
parts,  556,  557 

phosphorus-organic  compounds,  569 
products,  559 
proteins,  561 

amino  acids,  562 
N-distribution,  563 
ripeness,  influence,  556 
sea  island,  see  Hea  island  cotton¬ 
seed, 
structure,  551 

chief  characters,  555 
Cow  cockle,  330,  337 
structure,  337 

chief  characters,  338 
herb,  337 
pea  (forage),  669 
Crackers,  244,  246 
Creatine,  8 
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Creatinine,  8 
Crescione,  46G 
Cress,  upland,  4G1 
Winter,  461 
Cresson,  4GG 
de  terre,  4G1 
Crimson  clover,  G43,  661 
ash,  646 
Criiciferae.,  436 
Cruciferous  seeds,  436 
classification,  436 
composition,  442 
products,  440 
microscopy,  440 
pungent  principles,  443 
structure,  436,  438,  441 
tables,  438,  441 
Crude  constituents,  5 
fiber,  13 
Crystal  sand,  4 
Crystalloids,  4 
Crystals,  4 
calcium  oxalate,  4 
monoclinic,  4 
oxalate,  4 
raphides,  4 
rosette,  4 
Cuckoopint,  39 
Cumin,  black,  422,  428 
Curcuma  angustifolia,  32 
Leucorrhiza,  32 
longa,  32 
rubescens,  32 
Curcuma  starch,  32 
structure,  32 
Curled  dock,  319 
Curvembryae,  333 
Cuticle,  3 
Cycadacese,  44 
Cycas  revoluta,  34 
Cylinder,  central,  2 
Cylindropuniia,  673 
Cynaroidese,  609 
Cynnorrhodons,  470 
Cynosurus  coracanus,  178 
Cyperaceae,  44 
Cysteine,  7 
Cystine,  7 
Cytoplasm,  3 
Cytosine,  14- 


D 

Dactylis,  636 
glomerata,  640,  641 
Darnel,  50,  182 
composition,  185 
mineral  constituents,  186 
structure,  182 

chief  characters,  185 
Daucus  carota,  585 
Dauphinelle,  426 
Definitions,  cell  contents,  3 
tissues,  3 
Delphinium,  422 
Consolida,  426 
Staphysagria,  422,  426 
Dent  maize,  see  Maize. 

Dextrin,  12 
Dextrinase,  15 
Dextrose,  11 
Dhurra,  115 
Dhurrin,  114 

a,  e-Diamino-caproic  acid,  7 
a-Diamino-yS-dithio-lactic  acid,  7 
a-Diamino-5-guanido- valeric  acid,  7 
Diamino  monobasic  acids,  7 
Diastase,  15,  62 
Dibasic  acids,  monoamino,  7 
Dicotyledonous  bundles,  3 
Dimethylglycolose,  11 
Dimonosaccharides,  11 
Dioscoraceae,  32 
Dtoscorea  aculeata,  32 
alata,  32 
glabra,  32 
japonica,  32 
nummularia,  32 
saliva,  32 
iomentosa,  32 
trifida,  32 
Dioxacetone,  11 
Diplocoloheae,  436 
Disaccharides,  11 

Dissected  mustard,  438,  439,  441,  447 
Disteln,  629,  630 

Distillers’  grains,  276,  290,  291,  292 
offal,  291 
Dock,  curled,  319 
structure,  319 
chief  characters,  321 
Dodder,  462 
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Doglio,  182 
Dohan,  128 
Dolichos,  670 
sinensis,  669 
Soja,  512 
Drupes,  470,  474 
iish,  476 

composition,  475 
glucosides,  476 
oil,  476 
proteins,  476 
structure,  474 
Duchn,  128 
Durrha,  49 
Durum  wheat,  260 
Dwarf  Essex  rape,  454 
wheat,  249 

E 

Earth  nut,  497 
Eiist  India  starch,  32 

Indian  arrowroot  (starch),  31 
kapok  seed,  676 
Echinochloa  crus-galli,  127 
frurnenlacea,  126 

Edestin,  262,  382,  418,  531,  561,  614 
Eichel,  300 
Einkorn,  50,  264 
composition,  255 
proteins,  255 
structure,  255 

chief  characters,  255  ' 

Eisenkraut,  459 
Elans  guineensis,  367,  372 
nigrescens,  372 
virescens,  372 
Eleocharis  tuber osa,  44 
Eleusine,  49 

coracana,  122,  178 
indica,  178 
stricla,  181 
Eleusinin,  181 
Elfenheinnuss,  386 
Embryo,  2 
Emergences,  3 
Emmer,  50,  263 
composition,  254 
proteins,  254 
structure,  253 

chief  characters,  254 


Endocarp,  1,  3 
Endosperm,  2 
Englischer  Weizen,  249 
English  plantain,  606 
seed,  606 
walnut,  390,  391 
carbohydrates,  395 
composition,  393 
mineral  constituents,  396 
oil,  395 

composition,  395 
values,  395 

phosphorus-organic  compounds,  396 
proteins,  394 
amino  acids,  395 
N-distrihution,  395 
shells,  394 
structure,  392 

chief  characters,  393 
wheat,  40,  249 
Enzymes,  15 
activators,  16 
animal,  16 
,  Epeautre,  251 
petit,  254 
Epicarp,  1,  3 
Epiderm,  1,  2,  3,  4 
Epidermis,  4 
Eragrostis,  50 
abyssinica,  189 
pilosa,  189 
Erbse,  668 
Erdnuss,  497,  663 
Eriodendron  anfraduosum,  57c 
ocddentale,  575 
cesculifoliutn,  575 
Erisimo,  459 
Eruca,  436,  439 
saliva,  438,  441,  445 
Erucic  acid,  9 
Erysimum,  436,  439 
Barbarea,  461 
officinale,  459 
orientale,  438,  441,  460 
Escanda,  251 
Esculetin,  347 
Esculic  acid,  347 
Esculin,  347 
Esculinic  acid,  347 
Esparcilla,  340 
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Espuela,  426 
Essential  oils,  4,  9 
Essex  rape,  dwarf,  454 
Esterases,  15 
Ether  (reagent),  5 
extract,  8 
Euchl.3?na,  49 
mexicana,  62,  98 
Euphorbia,  23 
Euphorhiaceae,  37,  541 
Evening  campion,  338 
Excelsin,  580 
Extract,  ether,  8 
nitrogen-free,  10 

F 

Factors,  acid  number  of  oil,  358 
calories,  18 
fatty  acids,  358 
lecithin,  14 
protein,  6 

Fagaceae,  33,  294,  410 
Fagguiola,  410 
Fagin,  412 

Fagopyrum  dentatum,  313 
emarginatum,  304,  305 
esculentum,  303,  635 
pyramidatum,  305 
rotundatum,  314 
tartaricum,  303,  313,  314 
Fagus  americana,  410 
ferruginea,  410 
silvatica,  410 
Faine,  410 

False  flax,  438,  441,  462 
composition,  464 
oil,  464 
structure,  463 
Family,  amaranth,  326 
beech,  410 
birch,  405 
bombax,  573 
buckwheat,  302 
bursera,  536 
buttercup,  422 
cactus,  635,  673 
cashew,  543 
composite,  609 
flax,  525 
•  ginkgo,  46 


Family,  goosefoot,  322 
grass,  49,  636 
horse-chestnut,  345 
lecythia,  577 

legume,  343,  497,  635,  642 
mallow,  551 
mulberry,  413 
mustard,  436 
oak,  294 
olive,  587 
palm,  366 
parsley,  585 
pea,  343,  497,  635,  642 
pedalium,  598 
pine,  360 
pink,  330 
plantain,  606 
poppy,  429 
rose,  470 
spurge,  541 
walnut,  390 
water  chestnut,  349 
water-lily,  341 
Farouche,  661 
Fat,  4,  8 
Fatty  acids,  8,  9 
liquid,  358 
titer,  357 
oils,  4  ^ 

Feldrittersporn,  426 
Fennel  flowers,  427 
Ferric  chloride  (reagent),  5 
Fescue,  50,  636 
meadow,  640 
Festuca,  50 
Festuca,  636 
pratensis,  640 
Festucese,  50,  176 
Fiber,  13 
crude,  13 
Fibers,  bast,  3 
Fibro-vascular  bundles,  3 
collateral,  3 
concentric,  3 
dicotyledonous,  3 
monocotyledonous,  3 
radial,  3 

Field  black  caraway,  427 
larkspur,  426 

penny  cress,  438,  439,  441,  467 
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Field  pcnnycress,  eomposition,  409 
structure,  4()8 
Filbert,  406 
eomposition,  407 
oil,  408 

composition,  408 
values,  408 
proteins,  407 
amino  acids,  407 
N-distribution,  408 
shells,  409 
structure,  405 

chief  characters,  400 
Fingerhirse,  178 
Fior  cappuccio,  420 
Flax,  false,  462 
family,  626 
seed,  525 
Flint  maize,  91 

Florida  arrowroot,  44;  see  also  Starch. 
Flour,  barley,  270,  279 
buckwheat,  308,  309 
chestnut,  295,  298 
corn,  72,  80 
cottonseed,  5(U  • 

low-grade,  204,  212,  241,  242 
maize,  72,  80 
red  dog,  204,  212 
rice,  135 
rye,  259,  200 
soy  l)ean,  510 
wheat,  see  Wheat  flour. 

Flughafer,  175 

Fodder  grasses,  see  Forage  grasses. 

legumes,  see  Forage  legumes. 
Forster’s  rule,  442,  451,  475 
Folle  avoine,  175 
Forage  cacti,  673 

carbohydrates,  673 
composition,  073 
mineral  constituents,  674 
structure,  673 
grasses,  636 

composition,  039 
green,  040 
hay,  641 
structure,  636 
legumes,  642 

composition,  643 
green,  644 


Forage  legumes,  composition,  liay, 
plants,  636 

I'our-rowed  barley,  293 
Foxtail,  green,  see  Green  foxtail. 

yellow,  49,  121 
I'^ree  amino  acids,  8 
fatty  acids,  8 
I’rench  weed,  467 
Fritlillaria  imperialis,  32 
Frittillaria  starch,  32 
structure,  32 
Froment  de  Pologne,  250 
renfle,  249 
(/-Fructose,  11 
P'rumento,  190 
Fuchsschwanz,  326 
Fucose,  1 1 
Futterwicke,  671 

G 

Giinsefuss,  322 
(/-Galactose,  11 
Galleta,  49 
Gallic  acid,  13 
Gallotannic  acid,  13 
Gelbe  Borstengras,  121 
Gelber  Milo-Mais,  115 
Gemeine  Klette,  628 
Gemma,  139,  141 
Germ,  2 

cake,  maize,  73 
oil  meal,  72 
German  millet,  49,  122 
rajje,  438,  439,  441,  464 
Summer,  454 
Winter,  454 
sesame,  402 

Gerste,  sechszeilige,  292 
vierzeilige,  293 
zweizeilige,  209 
Gesneracese,  598 
Gettaione,  331 
Ghianda,  300 
Giant  rye,  251 
Gigaro,  38 

Gillette  razor  blade,  5 
Ginkgo,  46 

composition,  47 
family,  46 

mineral  constituents,  48 
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Gingko,  proteins,  48 
starch,  47 
structure,  46 

chief  characters,  47 
Ginkgo  biloba,  46 
Ginkgoacese,  46 
Ginkgoin,  48 
Girasol,  610 
Girasole,  610 
Githagin,  331,  335 
Gland,  300 
Gliadin,  215,  262 
Globoids,  4 

Globulin,  82,  102,  143,  170,  217,  262,  280, 
311,  363,  382,  394,  407,  418, 
443,  451,  481,  487,  505,  516, 
531,  561,  580,  602,  614 

Glucose,  11 
d-Glucose,  11 
Glucosides,  12 
Glutamic  acid,  7 
Glutaminic  acid,  7 

Glutelin,  82,  142,  170,  215,  262,  280,  311, 
531,  562 
Gluten,  57,  199,  214 
meal,  72 

test  for  flour,  199,  202 
Gluten-casein,  215,  279,  310 
Gluten-fibrin,  215,  279 
Glutenin,  215 
Glyceria,  50 
fluitans,  176 
Glycerides,  8 
mixed,  358 
Glycerin  (reagent),  5 
Glycine  hispida,  512,  666 
Soja,  512,  666 
Glycinin,  516 
Glycocoll,  7 
Glycogen,  11,  12 
Glyco-leucine,  7 
Gobo,  628 

Goosefoot  family,  322 
weed  seeds,  322 
Gossypium  arboremn,  55' 
barberidense,  551,  571 
hcrbnceum,  551 
Gossypol,  56() 

Gossypose,  12 
Graham  bread,  201,  244 


Grain  alcohol  (reagent),  5 
Grains,  aleurone,  4 
brewers’,  276,  290,  291 
distillers’,  276,  290,  291,  292 
Grama,  black,  49 
Graminese,  34,  49,  636 
Grand  trefle,  659 
Grano  duro,  250 
saraceno,  303 
Granulose,  25 
Grass,  barnyard,  127 
family,  49,  636 
carbohydrates,  61 
cereals,  49 
classification,  49 
composition,  60 
fat,  61 

forage  plants,  636 
mineral  constituents,  62 
oil,  61 

phosphorus-organic  compounds,  02 
proteins,  60 
albumin,  60 
globulin,  61 
glutelin,  61 
prolamine,  61 
structure,  50,  636 
weed  seeds,  49 
Hungarian,  641 
June,  50,  636,  640 
manna,  50,  176 
oat,  tall,  640 
orchard,  636,  640,  641 
Grasses,  forage,  see  Forage  grasses. 
Green  foxtail,  49,  116 
composition,  120 
structure,  116 

chief  characters,  120 
Grits,  barley,  276 
buckwheat,  309 
corn,  71,  79,  80 
maize,  71,  79,  80 
millet,  123 
wheat,  201 

Grosser  Wegerich,  608 
Guanine,  14 
Guisante,  668 
Guizotia  abyssinica,  621 
oleifera,  621 
Guzerat,  rai)e,  455 
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H 

Hafer,  158 
Hagebutten,  470 
Hahnenfuss,  scharfer,  423 
Hairs,  3 

Hairy  vetch,  672 
Halphen  test,  565 
Hanf,  413 

Hare’s  ear,  438,  439,  441,  460 
Hartweizen,  250 
Haselnuss,  405 
Hashish,  413 
Hay,  meadow,  639 
Hazelnut,  see  Filbert, 
shells,  409 

Hebebrand  method,  359 
Hederich,  443 

Hedge  mustard,  438,  439,  441,  469 
Hedgehog  wheat,  249 
Uelinnthoidese,  609 
Helianthus  annuus,  610,  635 
tuberosuSy  635 
Hemp  seed,  413 
alkaloids,  420 
cake,  417,  418 
composition,  417 
enzymes,  420 
Indian,  413 
meid,  417 

mineral  constituents,  421 
phosphorus-organic  compounds,  420 
products,  417 
microscopy,  417 
proteins,  418 
amino  acids,  418 
N-distribution,  419 
Herb  h.  la  manne,  176 
Hesperidin,  12 
Hexoses,  11 
Hickory  nut,  390,-  403 
composition,  403 
oil,  404 
values,  404 
j)roteins,  404 

N-distribution,  404 
structure,  403 

chief  characters,  403 
Hicnria  ovata,  403 
Pecan,  399 
Ililaria,  49 


Hilum,  starch,  24 
Hippocastanacespy  33,  345 
Hirtentiischel,  464 
Histidine,  8 

Hominy,  see  Maize  grits, 
feed,  72 
lye,  72 
IlordeaPy  50 
Hordein,  281 
Hordenin,  287 
Hordeuniy  50 
distichoUy  269 
hexaslichony  292 
spuriuniy  292 
veruniy  292 

sativum  distichoUy  269 
hexastichoiiy  292 
vulgare,  293 
spontaneuniy  269 
vulgare,  296 
Horn  chestnut,  349 
composition,  350 
mineral  constituents,  350 
starch,  40 
structure,  42 
structure,  349 

chief  characters,  350 
Horse-chestnut,  346 
composition,  346 
family,  346 
nuts,  345 
fat,  347 
values,  347 

mineral  constituents,  348 
-  saponins,  347 
starch,  33 
structure,  33 
structure,  345 
tannin,  347 
Houque,  104 
Hiihnerhirse,  127  > 

Hulled  corn,  72 
Hungarian  grass,  641 
Hyacinth  bean,  670 
Hydrocaryacespy  349 
Ilypoderm,  4 
Hypoderma,  4 

I 

lappola,  628 
Incarnatklee,  661 
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Indian  colza,  455 
corn,  see  Maize, 
mustard,  438,  439,  441,  443 
paddy,  36 
rape,  brown,  448 
white,  455 
yellow,  455 
rice,  153 
Inulin,  4 
Invertase,  15 

Iodine,  chlorzinc  (reagent),  5 
Iodine  in  foods,  17 

potassium  iodide  (reagent),  5 
number,  358 
reaction  of  starch,  27 
Ipomcea  Batatas,  38 
Ippocastano,  345 
Iron  in  food,  16 
oxide,  16 
Iso-leucine,  7 
Isolinolenic  acid,  9 
Ivory  nut,  386 

carbohydrates,  388 
composition,  388 
enzymes,  389 
meal,  388 
Polynesian,  386 
structure,  387 
chief  characters,  387 
Ivraie,  182 

J 

Jack  fruit,  42 

Jamaica  arrowroot  (starch),  31 
Japan  clover  (forage),  643,  672 
hay,  645 

Japanese  barnyard  millet,  126 
walnut,  390,  396 
Japanischer  Kleber,  672 
Javanese  kapok  seed,  573 
composition,  574 
oil,  574 
values,  574 
structure,  573 
chief  characters,  574 
Javelle  water  (reagent),  5 
Jerusalem  artichoke,  635 
Jesuits’  nut,  349 
Job’s  tears,  see  Coix. 

Jointed  charlock,  443 


Juglandacese,  390 
Juglans  cinera,  390,  397 
nigra,  390,  398 
Pecan,  399 
regia,  390,  391 
Sieboldiana,  390,  396 
Juglansin,  391,  394,  395 
Juncus  geradi,  635 
June  grass,  50,  636,  640 
forage,  640 

K 

Kaffir  corn,  49,  109 
acid,  114 

carbohydrates,  113 
composition,  110 
enzymes,  114 
fat,  113 

composition,  113 
values,  113 
proteins.  111 
amino  acids,  112 
N-distribution,  112 
Kafirin,  111 
Kanariensamen,  156 
Kapok,  573 
oil,  575 
seed,  573 
East  Indian,  676 
Javanese,  673 
Kapoksamen,  573 
Kastanie,  295 
Kinghead,  609,  623,  627 
structure,  624 
chief  characters,  627 
Kleber,  Japanischer,  672 
Klette,  gemeine,  628 
Knoterich,  319 
Kokosnuss,  373 
Kolbenhirse,  122 
Kornrade,  331 
Krauser  Ampler,  319 
Kresse,  466 
Kudzu  starch,  37 
structure,  37 
Kuhkraut,  337 

L 

Labarraque’s  solution  (reagent),  5 
Lactase,  15 
Lactose,  12 
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Eiimh’s-quarters,  322,  326 
composition,  324 
structure,  322 

chief  characters,  324 
Lappa  officinalis,  628 
major,  628 
minor,  628 
tomentosa,  628 
Larkspur,  422 
field,  426 
Latex,  4 

Lathy r us  sativus,  635 
Diuric  acid,  9 
Leaf,  2 

lecithin,  8,  14 
I^cythia  family,  677 
nuts,  577 
Lecythidacese,  577 
Lecythis  zabucayo,  583 
legume  family,  343,  497,  635,  642 
I^^umelin,  516 
L?^umes,  343,  642 

forage,  see  Forage  legumes. 
I^gumin,  602 
Leguminosse,  39,  343,  642 
I.^indotter,  462 
Leinsiimen,  525 
I^epidio,  466 
Lepidium,  436,  437,  439 
apetalum,  466 
carnpestre,  466 
sativum,  466 

virginicum,  438,  441,  466 
Lespedeza  striata,  643,  645,  672 
Ixiucine,  7 
I^eucoplasts,  3 
I.«ucosin,  217,  280 
Idgnoceric  acid,  9 
Liliacese,  32 
Lime,  16 
Idn,  525 
Linaceop,  525 
Linaza,  525 
Lino,  525 
Linolenic  acid,  9 
Linolic  acid,  9 
Linseed,  626 
cake,  525,  530 
new  process,  525 
old  process,  525 


Linseed  carbohydrates,  534 
composition,  529 
glucosides,  535 
meal,  525,  533 
mineral  constituents,  535 
oil,  533 

composition,  534 
sterols,  534 
values,  533 

phosphorus-organic  compounds,  535 
proteins,  531 
amino  acids,  532 
N-distribution,  533 
structure,  525 

chief  characters,  528 
Linum  angustifolium,  525 
usitatissimum,  525 
Lipases,  15 

Lithagrostis  Lacryrna-Jobi,  100 
Loliurn,  50 

temulentum,  182 
I>oto,  341 
Lotos,  341 
Lotus,  341 

rhizome  starch,  33 
structure,  33 
sacr6,  341 
seed,  341 

carbohydrates,  342 
composition,  342 
mineral  constituents,  342 
starch,  43 
structure,  43 
structure,  341 

chief  characters,  342 
Lotus  corniculatus,  642 
Louse  seed,  422 
Love-in-a-mist,  427 
Lucerne,  646 
Luku,  178 
Luzerne,  646 
Lychnis  alba,  330,  338 
Githago,  330,  331 
Vaccaria,  337 
vespertina,  338 
Lye  hominy,  71 
Lysine,  7 

M 

Macaroni,  247,  248 
wheat,  40,  250 
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Macerating  solution,  Schultze’s  (re¬ 
agent),  5 

Madi,  618 
Madia  saliva,  618 
Madia  seed,  609,  618 
cake,  620 

mineral  constituents,  620 
oil,  620 
values,  620 
structure,  618 

chief  characters,  619 
Magnesia,  16 
Magnification,  4 
Maiden-hair  tree,  46 
Mais,  62 
gemeiner,  91 
Mai's,  62,  91 
sucre,  93 
tunique,  97 
Maiz,  62,  91 
Maize,  49,  62 
acid  amides,  85 
amino  acids,  85 
bran,  72,  80 
carbohydrates,  87 
Chinese  waxy,  96 
classification,  63 
cob,  65,  71,  72,  73 
color,  89 
composition,  73 

high-  and  low-protein  varieties,  76 
influence  of  breeding  on,  76 
influence  of  ripeness  on,  75 
of  parts,  77 
cracked,  71 
dent,  60,  62 
embryo,  80 
enzymes,  89 
flint,  91 
flour,  72,  80 
forage,  639,  640 
dry,  641 
green,  640 
germ,  80 
cake,  73 
oil  meal,  73 
grits,  71,  79,  80 
hulled,  72 
meal,  71,  79,  80,  81 
coarse,  72 


Maize  meal,  degerminated,  79,  80,  81 
fine,  72 

microscopy,  71 
standard,  70,  81 
undergerminated,  79,  81 
milling  products,  79 
milo,  49 
white,  115  ^ 

yellow,  116 

mineral  constituents,  89 
offals,  72,  73 
oil  (fat),  85 

composition,  86 
embryo,  86 
endosperm,  87 
sterols,  86 
values,  85 

phosphorus-organic  compounds,  89 
pod,  97 

polypeptides,  85 
pop,  91 

porphyratin,  88 
products,  71,  72,  79 
proteins,  81 
amino  acids,  83 
N-distribution,  84 
puffed,  72 
soft,  92 

starch,  34,  36,  72,  93 
composition,  36 
structure,  36 
structure,  63 
chief  characters,  71 
sweet,  60,  93 
waxy,  Chinese,  96 
Malic  acid,  13 
Mallow  family,  661 
seeds,  551 
Malt,  276,  286,  287 
by-products,  286,  290,  291 
composition,  286 
enzymes,  283 
proteins,  287 
sprouts,  276,  290,  291 
Maltase,  15 
Maltose,  11 
Maltsters’  offal,  291 
Malvacese,  551 
Mandel,  476 
Mandorla,  476 
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Mandorlata,  476 
Manganese,  16 
Mangifera  indica,  44 
Mango  starch,  44 
structure,  44 
Manihot  aipiy  37 
uliliss'tmaf  37 
Manna  grass,  50,  176 
composition,  178 
structure,  176 

chief  characters,  177 
Mannan,  12 
d-Mannose,  1 1 
Maranon,  543  • 

Maranta  arundinacea,  31 
Maranta  starch,  31 
structure,  31 
Marantaceae,  31,  33 
Marron,  295 
Marron  d’lncle,  345 
Marrone,  295 

Martin  process  for  starch  manufacture, 
40 

Martyniaceae,  598 
Maumen6  number,  358 
M aximiliana  regia,  372 
Maydeae,  49 

Meadow  fescue  forage,  640 
Meal,  almond,  481 
cob,  71 
cocoanut,  381 
copra,  385 

corn,  see  Meal,  maize, 
cottonseed,  557,  559,  560 
hemp,  417 
ivory  nut,  388 
linseed,  531 
maize,  71,  79,  80,  81 
oat,  167 

Measuring  rule,  4 
Medica,  646 

Medicago  saliva,  643,  646 
M elandryum  album,  338 
Melitriose,  12 
Mesocarp,  1 
Methyldioses,  11 
Methylpentoses,  11 
Metroxylon  laeve,  34 
Koenigii,  34 
Rumphii,  34 


Metroxylon  Sagus,  34 
Microscope,  2 

Middlings,  buckwheat,  308,  309 
rye,  261 

wheat,  203,  212 
Miglio  commune,  122 
Indiana,  62 
Mi  jo,  122 

Millet,  African,  122,  178 
barnyard,  49 
chandelle,  128 
common,  49,  122 
carbohydrates,  125 
composition,  123 
fat,  125 

mineral  constituents,  126 
products,  123 
proteins,  125 
structure,  122 

chief  characters,  123 
commun,  122 
de  Hongrie,  122 
German,  49,  116,  122 
Indian,  122 
Italian,  122 

Japanese  barnyard,  122,  126 
long,  156 

pearl,  49,  122,  128 
composition,  130 
structure,  128 

chief  characters,  130 
Milling  products  of  wheat,  212 
Millo  de  escoba,  104 
Milo  maize,  49 
white,  116 
yellow,  116 
Milo-Mais,  gelber,  115 
weisser,  115 
Mineral  constituents,  16 
minor,  16 
Miso,  512 
Mixed  feed,  204 
Mohre,  wilde,  485 
Mcenchia  saliva,  462 
Mohnsamen,  429 
Monoamino  dibasic  acids,  7 
monobasic  acids,  7 
Monocotyledonous  bundles,  3 
Moraceap,  42,  413 
Moreton  Bay  chestnut,  343 
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Mucedin,  215,  279 
Mucilage,  4 
Mulberry  family,  413 
Musa,  32 
Musacese,  32 

Mustard,  black,  see  Black  mustard, 
brown,  443 

Chinese  cabbage-leaved,  446 
dissected,  see  Dissected  mustard, 
family,  436 

hedge,  see  Hedge  mustard. 

Indian,  see  Indian  mustard. 
Sarepta,  see  Sarepta  mustard, 
tieacle,  460 

tumbling,  see  Tumbling  mustard, 
white,  441,  443,  455 
Myagrwm  sativum,  462 
Myristic  acid,  9 
Myrosin,  15 


N 

Naringin,  12 

Natal  arrowroot  (starch),  31 
Natto,  512 
Navette,  449 
Nectarine,  470,  475 
kernel,  488 
Negerhirse,  128 

Nelunibium  speciosum,  341,  342 
Nelumho  nucifera,  33,  341 
Neochlorophyl,  657 

New  South  Wales  arrowroot  (starch),  31 
N-f.  ext.,  10 
Nielle  des  blcs,  331 
Nifext,  10 
Nigella,  422 
arvensis,  427 
saliva,  422,  428 
Nigelle,  427 
Niger  seed,  609,  621 
cake,  621,  622 
composition,  622 
oil,  621,  622 
values,  623 
structure,  621 
chief  characters,  622 
Nigersamen,  621 

Night-flowering  catchfly,  330,  339 
Nitric  acid,  8 
Nitrogen,  non-protein,  6 


Nitrogen,  protein,  6 
pure,  7 

Nitrogen-free  extract,  10 
Nitrogenous  constituents,  8 
Nocciuola,  405 
Noce,  391 
del  Brasile,  577 
paradiso,  583 
di  palma,  367 
Nogal,  391 
Noisette,  405 
Noix  d ’acajou,  543 
de  beurre,  397 
palme,  367 
sapucaia,  583 
du  Bresil,  577 
pecane,  399 

Non-protein  nitrogen,  6 
Noodles,  egg,  247 
water,  247,  248 
Notch-seeded  buckwheat,  303 
Notorhizeae,  436 
Noyer  commun,  391 
noir,  398 
Nucleic  acid,  14 
animal,  15 
plant,  14,  15 
thymus,  15 
yeast,  14 
Nucleins,  14 
Nucleus,  cell,  3 
Nut,  see  Nuts, 
oil,  395 

Nuts,  acorn,  300 
almond,  476 
bean  tree  seed,  343 
beechnut,  410 
black  walnut,  398 
Brazil  nut,  577 
butternut,  397 
candlenut,  541 
cashew,  543 
castana,  577 
chestnut,  295 
horn,  349 
horse-,  345 
Moreton  Bay,  343 
cob,  405 
cocoanut,  373 
cohune,  372 
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Nuts,  English  walnut,  391 
filbert,  405 
hazel-nut,  405 
hickory,  403 
horn  chestnut,  349 
horse-chestnut,  345 
ivory,  386 

Japanese  walnut,  39() 

Moreton  Bay  chestnut,  343 
palm,  367 
Para,  577 
paradise,  583 
{)ecan,  399 
pili,  537 
pine,  360 
pistachio,  547 
walnut,  black,  398 
English,  391 
Japanese,  396 
Xymphaa  tetragona,  342 
Nyrnpha-aceo’,  33,  341 

O 

Oak  family,  294 
nuts,  294 
Oat  bran,  168 
fodder,  640 
forage,  640 

grass,  tall,  forage,  640 
hulls,  167,  168 
meal,  167 
straw,  641 
Oats,  49,  60,  168 
acid  amides,  172 
amino  acids,  172 
banner,  158 
bran,  168 

carbohydrates,  173 
composition,  167 

influence  of  climate,  169 
of  fertilizers,  169 
of  soil,  169 

relation  to  physical  characters,  169 
enzymes,  174 
fat,  172 
values,  172 
horse  mane,  158 
hulled,  168 
hulls,  167,  168 
mineral  constituents,  174 


Oats,  naked,  159 
panicled,  158 

phosphorus-organic  compounds,  173 
polypeptides,  172 
porphyratin,  173 
j)roteins,  169 
amino  acids,  171 
N-distribution,  171 
rolled,  167,  168 
structure,  158 

chief  characters*,  167 
water,  153 
wild,  49,  159,  176 
Oelsenf,  Chinesischer,  445 
(Enocarpus  bataua,  372 
Oil,  8 

almond,  482 
apricot  kernel,  490 
beech  nut,  4 1 1 
Brazil  nut,  581 
cakes,  369 

microscopy,  359 

Hebebrand  method,  359 
canarium,  539 
candelnut,  542 
cashew  kernel,  546 
cherry  kernel,  495 
cocoanut,  383 
expressed,  384 
extracted,  384 
corn,  85 
cottonseed,  563 
essential,  4,  9 
fatty,  4 
filbert,  408 
hazelnut,  408 
hemp,  419 

kapok  seed,  574,  576 
linseed,  533 
madia,  620 
maize,  85 
embryo,  86 
endosperm,  87 
niger,  622 
nut,  395 
olive,  592 
palm,  369 
kernel,  370 
peach  kernel,  487 
peanut,  508 
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Oil,  pistachio  nut,  549 
plum  kernel,  493 
pochote,  575 
poppy  seed,  433 
rape,  452 

seeds,  21,  366;  see  also  Table  of  Con¬ 
tents. 

carbohydrates,  356 
enzymes,  356 
location  of  oil,  355 
nature  of  oil,  356 
proteins,  356 

relation  of  family  to  oil  content,  355 
sesame,  603 
soy,  519 
sunflower,  615 
vegetable,  367 
composition,  358 
values,  357 
volatile,  4,  9 
walnut,  3.95 
Okra,  551 
Olea  europaea,  587 
Olearacese,  587 
Oleic  acid,  9 
Oleonol,  596 
Oleuropein,  596 
Olive,  687 
Chinese,  636 
composition,  590 
enzymes,  597 
family,  687 
glucosides,  596 
mineral  constituents,  597 
oil,  592 

composition,  595 
reactions,  595 
values  of,  593 
oleonol,  596 
oleuropein,  596 
pickled,  590,  592 
green,  591,  592 
ripe,  591,  592 
pomace,  587 
stones,  587 
structure,  587 
chief  characters,  589 
varieties,  591 
Olivo,  587 

Onohrychis  sativus,  642,  644 


Onohrychis  vicaefolia,  642 
Opunlia,  673 
fulgida,  674 
linfieinieri,  674 
Orchard  grass,  636,  640,  641 
Organic  acids,  12 
Orge,  293 
a  deux  rangs,  269 
six  cotes,  292 

Ornithopus  sativus,  642,  644,  645 
Oryza,  49 
glutinosa,  131 
'  nutica,  131 
praecox,  131 
rufipogon,  131 
saliva,  36,  130 
Oryzeae,  49 
Oryzenin,  142 
Orzo,  269,  292,  293 
Oxalate,  calcium,  4 
crystals,  4 
Oxidases,  15 
Oxide,  iron,  16 
Oxymethyltetrose,  11 
/3-Oxymethyltetrose,  11 
Oxy-proline,  8 

Oxy-ct-pyrrolidine-carboxylic  acid,  8 

P 

Pachira  aquatica,  43 
Pachira  starch,  43 
structure  of,  43 
Pachyrhizus  angulatus,  39 
erosus,  39 
Pahari-rdi,  446 
Pak  lin,  341 
Palai,  438,  441,  446 
Palangi,  446 
Palisade  layer,  3 
Palm,  cohune,  372 
family,  366 
nuts,  366 
kernel,  367,  370 
cake,  370 
oil,  370 

composition,  371 
values,  370 
proteins,  368 
structure,  367 
chief  characters,  368 
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Palm  nut,  367 
oil,  369,  372 
Palniacese,  366 
Palmitic  acid,  9 
Palmkern,  367 
Palomitas  de  maiz,  91 
Panicese,  49,  116 
Panicularia  fluitans,  176 
Panicum,  49 
crus-galiiy  127 
frumentaceum,  126 
miliaceumy  122 
Panizo  negro,  128 
Papaver  nigrurny  429 
officinale y  429 
o pilfer umy  429 
setigeruviy  429 
somniferumy  429 
albuniy  429 
setigerum,  429 
nigrum,  429 
Papaveracesp,  429 
Papavero,  429 
Para  arrowroot  (starch),  37 
Para  nut,  577 
Paradise  nut,  583 
composition,  583 
oil,  584 
structure,  583 
Paranuss,  577 
Parelle  crisp^'e,  319 
Parenchyma,  3 
spongy,  3 

Parsley  family,  686 
weed  seeds,  585 
Pastes,  alimentary,  247,  248 
Patassa,  372 
Pavot,  429 
Pea,  642,  643 
ash,  646 
cow,  669 

family,  343,  497,  642 
forage,  668 
seeds,  343,  497 
smooth  (forage),  668 
Peach  kernel,  470,  475,  486 
amygdalin,  487 
composition,  487 
oil,  487 
proteins,  487 


Peach  kernel,  structure,  485 
chief  characters,  486 
Peanut,  497 
African,  498,  509 
butter,  498,  505 
cake,  498,  505 
carbohydrates,  511 
composition,  503 
forage,  642,  663 
mineral  constituents,  511 
oil,  508 

composition,  510 
values,  509 
plant,  642,  663 
composition,  665 
hay,  665 

structure,  643,  664 
chief  characters,  665 
products,  503 
proteins,  505 
amino  acids,  506 
N-distribution,  507 
shelled,  503 
shells,  498,  505 
skins,  505 
Spanish,  498,  509 
structure,  548 

chief  characters,  501 
Virginia  Bunch,  509 
Runner,  509 
Pearl  barley,  276,  279 
millet,  49,  128 
Pecan,  390,  399 
carbohydrates,  402 
composition,  400 
oil,  401 

composition,  402 
values,  401 
proteins,  401 
structure,  399 

chief  characters,  4(X) 
Pecana,  399 
Pectins,  12 
Pedaliacespy  598 
Pedalium  family,  698 
seeds,  598 
Pekanuss,  399 
Penicillaria  spicata,  128 
Pennisetum,  49 
americanuniy  128 
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Pennisetum  typhoideum,  122,  128,  178 

Pennycress,  field,  467 

Pentosans,  10 

Pentoses,  11 

Peppergrass,  wild,  466 

Peptidases,  15 

Peptides,  8 

Pericarp,  1 

Perisperm,  2 

Persian  walnut,  see  English  walnut. 
Persica  nucipersica,  488 
vrdgaris,  485 
Persicaria,  319 
Petit  epeautre,  254 
Phalarideie,  49 
Phnlaris,  49 
canariensis,  156 
intermedia  angvsta,  157 
Phaseolin,  516 
Phaseolus  vidgaris,  42 
Pheasant’s  eye,  422,  426 
Phenylalanine,  7 
Phleum,  49,  636 
pratense,  636,  637,  640,  641 
Phlobaphenes,  13 
Phloem,  3 
Phosphoric  acid,  16 
Phosphorus-organic  comjDounds,  13 
Phytelephas,  386 
macrocarpa,  386 
Phytic  acid,  14 
Phytin,  14 
Phytolacca,  333 
Phytolaccacese,  333 
Phytovitellin,  382 
Piantaggine,  606 
Picea  excelsa,  363 
Pignut,  404 
Pigweed,  324,  326 
composition,  329 
structure,  326 
chief  characters,  329 
Pili  nut,  637 

carbohydrates,  540 
composition,  538 
mineral  constituents,  540 
oil,  539 
proteins,  539 
structure,  537 
chief  characters,  538 


Pinacese,  43,  360 
Pine  family,  360 
nuts,  360 

nut,  Brazilian,  360,  361 
Pine  nuts,  360 

carbohydrates,  365 
composition,  362 
enzymes,  365 
mineral  constituents,  365 
oil,  364 

composition,  364 
values,  364 
structure,  361 
.chief  characters,  362 
Pineolen,  360 
Pink  family,  360 
weed  seeds,  330 
Pinocchio,  360 
Pifion,  360 
Pinus  Abies,  363 
Cemhra,  360,  362,  363,  364 
cemhr aides,  361 
edulis,  360,  361,  362,  364 
excelsa,  363,  364 
koriensis,  362,  363 
monophylla,  361,  362,  364 
Pinea,  360,  361,  362,  364 
sahiniana,  361,  362 
Pisello,  668 
Pistacchio,  547 
Pistache,  547 
Pistachio  nut,  543,  647 
composition,  549 
oil,  549 

composition,  550 
values,  549 
structure,  547 
chief  characters,  549 
I  Pistacho,  547 
Pistacia  vera,  547 
Pistazie,  547 
Pisum  arvense,  668 
sativum,  643 
arvense,  668 
Pitted  vessels,  3 
Plant  nucleic  acid,  14,  15 
Plantaginaceae,  606 
Plantago  lanceolata,  606 
major,  608 

Plantain,  common,  606 
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Plantain,  common,  seed,  608 
common,  608 
English,  606 
seed,  606 
family,  606 
lanc6ole,  606 
narrow-leaved,  606 
starch,  32 
Plastids,  3 
Platopuntia,  673 
Pleurorhizesp,  436 
Plum  kernel,  470,  475,  491 
amygdalin,  493 
composition,  492 
enzymes,  493 
oil,  493 
values,  493 
structure,  491 

chief  characters,  492 
Poa,  50 

abyssinica,  189 
pratense,  640 
Pochote,  573 
oil,  575 
Pod  maize,  97 
Pois,  668 

Polarization  phenomena,  starch,  24 
Polarizing  apparatus,  5 
Polenske  number,  358 
Polish  wheat,  260 
Polnischer  Weizen,  250 
Polygonaceap,  302,  333 
Polygonum  Convolvulus,  314 
Fagopyrum,  303 
pennsylvanicum,  319 
persicaria,  319 
tartaricum,  313 
Polypodiaceap,  43 
Polysaccharides,  12 
Pomme  de  pin,  360 
Pop  corn,  91 
Poppy  family,  429 
seed,  429 
black,  429 
blue,  429 
brown,  432 
cake,  432 

calcium  oxalate  in,  343 
carbohydrates,  434 
composition,  432 


Poppy  seed,  mineral  constituents,  434 
oil,  433 

composition,  434 
values,  433 

phosphorus-organic  compounds,  434 
proteins,  433 
structure,  429 
chief  characters,  431 
white,  429 
wild,  429 
Porphyratin,  88 
Portland  arrowroot  (starch),  38 
Potash,  16 
Potato  starch,  29 
composition,  29 
structure,  29 
sweet,  38 
sweet,  starch,  38 
Prickly  comfrey,  635 
jxiar  (plant),  673 

composition,  674 
mineral  constituents,  674 
Proline,  8 
Proso,  122 
Proteases,  15 
Protein,  6 
bodies,  4 
factors,  6 
nitrogen,  6 
Protoplasm,  3 
Prunase,  15 
Pruneap,  470,  474 
Prunus  Amygdalus,  476 
Armeniaca,  488 
avium,  494 
Cerasus,  496 
avium,  494 
communis,  476,  491 
amara,  476 
dulcis,  476 
fragilis,  470 
typica,  476 
domestica,  491 
Persica,  485 
nucipersica,  488 
Pleridium  aquilinum,  43 
Pteris  aquilina,  43 
Pueraria  hirsuta,  37 
thunbergiana,  37 
Puffed  corn,  72 
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Pumpernickel,  259 
Pure  protein,  7 
Purine  bases,  8 
Purines,  14 
Pyrimidine,  14 

a-Pyrrolidine-carboxylic  acid,  8 

Q 

Queensland  arrowroot  (starch),  31 
Quehopodio,  322 
Quercus  sessiliflora,  300 

R 

Rabette,  454 
Radial  bundles,  3 
Radish,  438,  439,  441 
Chinese,  446 
wild,  443 
composition,  444 
oil,  444 
structure,  444 
Raffinole,  12 
Ragi,  178 
Ragweed,  609,  627 
common,  623,  627 
great,  623 
Ranoncule,  423 
Ranuncolo,  423 
Ranunculacese,  422 
Ranunculus,  422 
abortivus,  423 
acris,  423 
arvensis,  423 
bulbosus,  423 
Rape,  brown  Indian,  448 
cake,  449,  451 
Chinese,  455,  467 
common,  see  Common  rape. 
Essex,  dwarf,  454 
German,  see  German  rape. 
Guzerat,  455 
Indian,  brown,  448 
white,  455 
yellow,  455 
turnip,  454 
white  Indian,  455 
yellow  Indian,  455 
Raphanistrum  arvense,  443 
innocuum,  443 
Lampsana,  443 


Raphanistrum  segelum,  443 
Raphanus,  436,  438,  439,  441 
Raphanistrum,  443 
sativus,  444 
oleiferus,  445 
Raphe,  2 
Raphides,  4 
Raps,  449 
Rauke,  445 
Ravenelle,  443 
Razor  blade,  Gillette,  5 
Reagents,  5 
Red  clover,  643,  669  . 
ash,  646 

composition,  644,  645,  661 
forage,  green,  644 
hay,  645 

N-distribution,  661 
structure,  659 

chief  characters,  660 
top,  49 

forage,  green,  640 
hay,  641 
Red-root,  326 
Reducing  sugars,  10 
Reductases,  15 
Refractive  index,  357 
Reichert-Meissl  number,  358 
Reis,  130 

Renard  test,  595,  596 
Renouee,  314,  319 
Reserve  starch,  22 
Resins,  4 

Respiration,  maize,  80 
wheat,  211 

Reticulated  vessels,  3 
Rhamnose,  11 
Rib  grass,  606 
d-Ribose,  11 
Rice,  49,  130 
acid  amides,  146 
American,  137 
amino  acids,  146 
Asiatic,  136 
black,  153 

bran,  135,  137,  138,  139,  140 
brewers’,  139,  140 
broken,  135 
brown,  60,  135 
earbohydrates,  149 
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Rice,  chimmy,  131 
composition,  135 
enzymes,  151 
fat  (oil),  140 

composition,  147 
sterols,  148 
values,  146 
fatty  acids,  147 
flour,  135 
j^ernma,  139,  141 
germ,  141 

glutinous,  144 
grits,  135 
head,  138,  140 
Hondurus  tyjK*,  138,  139 
hulled,  135 

hulls,  135,  137,  138,  139,  140 

hygroscopicity,  141 

Indian,  153 

Japan  type,  138,  139 

mountain,  131 

mineral  constituents,  151 

non-glutenous,  144 

offals,  135,  140 

oil,  see  Rice,  fat. 

phosphorus-organic  compounds,  150 
{jolish,  135,  137,  138,  139,  140 
ixjlished,  135,  136,  137,  138,  141- 
polypeptides,  146 
products,  134,  140 
microscopy,  134 
proteins,  142 
amino  acids,  143 
N-distribution,  144,  145 
puffed,  135 
red,  131 

ripening  changes,  139 
rough,  140 

screenings,  138,  139,  140 
starch,  36,  134,  135,  149 
composition,  37 
structure,  36 
structure,  131 

chief  characters,  134 
water,  141,  153 
wild,  49,  163 

Rio  arrowroot  (starch),  37 
Riso,  130 
Rispenhirse,  122 
Riz,  130 


Rocket,  438,  439,  441,  446 
composition,  446 
oil,  446 
structure,  445 

Rontgen  spectrum  of  starches,  28 
Roggen,  256 
Rolls,  245 
Root,  2 
Roquette,  445 
Rosa,  470 
canina,  470,  471 
Rosacese,  470 
Rose  family,  470 
seeds,  470 
hips,  470 
structure,  470 

chief  characters,  473 
wild,  470 
Rosese,  470 
Rosskastanie,  345 
Rotklee,  659 
Ruchette,  445 
Rlibsen,  454 
Rule,  measuring,  4 
Rumex  crispus,  319 
Russian  spurrey,  635 
vetch,  672 
Ruta  baga,  454 
Rye,  50,  60,  266 
acid  amides,  265 
amino  acids,  265 
bran,  259,  261 
bread,  259,  268 
carbohydrates,  266 
composition,  259 
embryo,  261 
enzymes,  267 
fat,  265 
sterols,  266 
flour,  259,  260 
forage,  green,  640 
hay,  641 
germ,  261 
giant,  251 
middlings,  261 
mineral  constituents,  267 
offal,  259,  261 

phosphorus-organic  compounds,  267 
polypeptides,  265 
products,  259 
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Rye  products,  microscopy,  259 
proteins,  262 
amino  acids,  263 
N-distribution,  264 
straw,  641 
structure,  256 

chief  characters,  259 

S 

Safranin  (stain),  5 
solution,  5 

Sngittaria  latifoliay  44 
Sa^o  starch,  34 

composition,  34 
structure,  34 
Sag  us  Isevis,  34 
rumphii,  34 

St.  Vincent  arrowroot  (starch),  31 
Salicylic  acid,  13 
Salisburya  adiantifolia,  46 
Sand,  crystal,  4 
Sanfoin,  642 
fodder,  644 
Sapindaceae,  345 
Sapogenin,  335 
Saponaire,  338 
Saponaria,  338  ' 

Saponaria  officinalis,  330,  338 
Vaccaria,  330,  337 
Saponification  number,  358 
Saponins,  12 
Sapotoxin,  331,  335 
Sapucaia  nut,  583 
Sapucaja-nuss,  583 
Sarepta  mustard,  438,  439,  441,  443 
Sarraceno,  303 
Sarrasin,  303 
Sarson,  438,  441,  466 
cake,  456,  457 
composition,  456 
oil,  fatty,  457 
volatile,  457 
structure,  456 
yellow-seeded,  455 
Scharfer  Hahnenfuss,  423 
Schottendotter,  460 

Schultze’s  macerating  solution  (reagent) 
5 

Sclerenchyma,  3 
Screenings,  wheat,  203 


Scurvy  grass,  462 
Sea  island  cottonseed,  671 
composition,  571 
mineral  constituents,  572 
oil,  571 

pentosans,  572 
products,  572 
structure,  571 
Secale,  50 

cereale,  256,  640,  641 
Sechszeilige  Gerste,  292 
Seed,  2 
coat,  2  , 
parts  of,  2 
Seeds,  oil,  21,  355 
starch,  21 
Seifenkraut,  338 
Seigle,  256 
Semolina,  247 
Serine,  7 
Serradella,  642 
green  forage,  644 
hay,  645 
Sesam,  598 
Sesamaceae,  598 
Sesame,  698 
German,  462 
seed,  598 
cake,  601,  602 
composition,  600 
mineral  constituents,  605 
oil,  603 

Baudouin  reaction,  605 
composition,  603 
sterols,  604 
values,  603 

phosphorus-organic  compounds,  605 
proteins,  602 
amino  acids,  602 
N-distribution,  602 
sesamin,  604 
structure,  598 
chief  characters,  600 
Sesame,  598 
Sesamin,  604 
Sesamo,  598 
Sc%amo,  598 
Sesamum  indicum,  598 
orientale,  598 
Setaire  verte,  1  ]  6 
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Setaria,  49 
glauca,  121 
ilalica,  1 16,  122,  641 
panis,  122 
viridis,  116 
Seung  lin,  341 
Shag-bark  hickory,  404 
Shepherd’s  purse,  438,  441,  464 
Shorts,  rye,  261 
wheat,  203,  212 
Shredded  wheat,  201 
Sieve  tubes,  3 
Silage,  640 

Silene  Cucubalus,  330,  336 
inflata,  336 
latifolia,  336 
noctiflora,  330,  339 
Silence,  339 
gonflee,  336 
Silica,  4,  16 
Sinalbin,  12,  443 
Sinapis  dissectaf  447 
glauca,  455 
Sinigrin,  12,  443 
Sisimbro,  459 
Sispmbrium,  439,  536 
altissimurn,  438,  441,  459 
bpselli,  400 

officinzle,  438,  441,  459 
Sophia,  46)0 
Six-rowed  barley,  292 
Smart  weed,  319 

Smooth  pea  (forage),  642,  643,  646,  668 
Soap  wort,  330,  338 
Soda,  16 

Sodium  hydroxide  solution  (reagent),  5 

Soft  maize,  92 

Soia,  512,  666 

Soja,  512,  666 

Soja,  512,  666 

hispida,  512,  643,  644,  ()45,  666 
Sojabohne,  512,  666 
Solnnacex,  29 
Solanum  tuberosum,  29 
Solution,  chloral  hydrate,  5 
chlorzinc  iodine,  5 
ferric  chloride,  5 
iodine  in  pobissium  iodide,  5 
Labarraq lie’s,  5 
safranin,  5 


Solution,  Schultze’s  macerating,  5 
sodium  hydroxide,  5 
Somrneradonisrbschen,  425 
Sonnenbluine,  610  '' 

d-Sorbose,  11 
Sorbus  domestica,  1 1 
Sorghum,  49 
fodder,  640 
sugar,  49,  108 
Sorgo,  104 
Soy  bean,  497,  612 
cake,  516 

carbohydrates,  521 
Chinese,  513,  514 
color,  513 
composition,  515 
enzymes,  523 
flour,  516 

forage,  642,  643,  666 
green,  644 
hay,  645 

Japan,  513,  514,  5*“ 
meal,  516 

mineral  constituents,  523 
oil,  512,  519 

composition,  520 
sterols,  521 
values,  519 

phosphorus-organic  compounds,  522 
jiroteins,  516 
amino  acids,  517 
N-distribution,  520 
saponins,  522 
starch,  514 
structure,  512 

chief  characters,  515 
cheese,  512 
milk,  512 
sauce,  512 
Soylegumelin,  517 
Spaghetti,  247,  258 
Specific  gravity  of  oils,  357 
Spelda,  251 
Spelt,  40,  50,  261 
carbohydrates,  253 
composition,  252 
proteins,  252 
structure,  251 

chief  characters,  251 
Spelzenmais,  97 
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Spergula  arvensis,  330,  340 
maxima,  635 
Spergule,  340 
Sperm  Oder ra,  2,  4 
Sphaero -crystals,  4 
Spiral  vessels,  3 
Spirolobese,  436 
Spitz  wegerich,  606 
Spring  vetch,  671 

forage,  green,  644 
hay,  645 

Sprouts,  malt,  276,  290,  291 
Spurge  family,  641 
nuts,  541 

Spurrey,  common,  330,  340 
corn,  340 

Russian  (forage),  635 
Square  six-rowed  barley,  293 
Starch,  3,  10,  12,  21,  22,  28 
JE sc  ulus  Hippocastanum,  33 
apio,  39 
araucaria,  43 
Araucaria  hraziliana,  43 
Arenga  saccharifera,  34 
arracacha,  39 
Arracacia  esculenta,  39 
arrowhead,  44 
Artocarpus  incisa,  42 
integrifolia,  42 
arum,  38 

Arum  esculentum,  38 
italicum,  38 
maculatum,  38,  39 
assimilation,  22 
Bahia  arrowroot,  37 
banana,  32 
batata,  38 
Batatas  edulis,  38 
bean,  42 
tree,  39 

Bermuda  arrowroot,  31 
Borassus  flahelliformis,  34 
Brazilian  arrowroot,  38 
breadfruit,  42 
canna,  31 
Canna  Achiras,  31 
coccinea,  31 
edulis,  31 
indica,  31 
lanuginosa,  23 


I  Starch,  Caryota  urens,  34 
cassava,  37 
bitter,  37 
sweet,  37 

Castanea  saliva,  33 
Castanospermum  australe,  39 
cellulose,  25 
'  chemical  nature,  24 
chestnut,  33 
classification,  23 
clinogyne,  33 
Clinogyne  dichotoma,  33 
Colocasia  antiquorum,  39 
commercial,  28,  30,  35,  41 
constitution,  26 
content,  22 
coontie,  44 
corn,  34 
curcuma,  32 

Curcuma  angustifolia,  32 
Leucorrhiza,  32 
longa,  32 
rubescens,  32 
Cycas  revoluta,  34 
Dioscorea  aculeata,  32 
alata,  32 
glabra,  32 
japonica,  32 
nummularia,  32 
saliva,  32 
tomentosa,  32 
trifida,  32 
East  India,  32 
Indian  arrowroot,  31 
Eleocharis  tuberosa,  44 
eccentricity,  29 
feed,  72 
formation,  23 
formula,  24 
frittillaria,  32 
Frittillaria  imperialis,  32 
function  of,  22 
gelatinization,  27 
temperatures,  27 
grains,  shape,  23 
structure,  23 
“green,’’  34 
hilum,  24 
horn  chestnut,  40 
horse-chestnut,  33 
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Etarch,  hydrolysis,  27 
iodine  reaction,  27 
I porncea  Batatas,  38 
Jamaica  arrowroot,  31 
kudzu,  37 
lotus  rhizome,  33 
seed,  43 
maize,  34 

Mangifera  indica,  44 
mangio,  44 
Manihot  aipi,  37 
utilissirna,  37 
maranta,  31 

Maranta  arundinacea,  31 
Martin  process,  40 
Metroxylon  la-re,  34 
Koenigii,  34 
Rumphii,  34 
Sagus,  34 
Musa,  32 

Natal  arrowroot,  31 
Nelumbo  nucifera,  33 
New  South  Wales  arrowroot,  31 
Oryza  sativa,  30 
pachira,  43 
Pachira  aquatica,  43 
Pachyrhizus  angulatus,  39 
erosus,  39 
Para  arrowroot,  37 
Phaseolus  vulgaris,  42 
plantain,  32 

jKilarization  phenomena,  24 
Portland  arrowroot,  38 
|X)tato,  29 
sweet,  38 
properties,  27 
Pteridiurh  aquilinum,  43 
Pteris  aquilina,  43 
Pueraria  hirsuta,  37 
thunbergiana,  37 
relation  of  family  to  content,  22 
reserve,  22 
rice,  36 
rings,  24 

Rio  arrowroot,  37 
'  Ron t gen  spectrum  of,  28 
Sagittaria  latifolia,  44 
HJigo,  34 
Sagus  lands,  34 
Rumphii,  34 


Starch,  St.  Vincent  arrowroot,  31 
seeds,  21 
size  of  grains,  23 
Solanwn  tuberosum,  29 
sweet  potato,  38 
tacca,  38 

Tacca  pinnaiifida,  38 
taro,  39 
transitory,  22 
Trapa  bispinosa,  40 
Travencore,  32 
Triticum  sativum  durum,  40 
spelta,  40 
iurgidum,  40 
vulgare,  40 
viscosity,  28 
warabi,  43 
water  chestnut,  44 
West  India  arrowroot,  31 
wheat,  40 

Williams’  arrowroot,  38 
Xanthosoma  caracu,  39 
yam,  32 
bean,  39 
yautia,  39 
Zamia  floridana,  44 
pumila,  44 
Zea  Mays,  34 
Stearic  acid,  9 
Stem,  2 
Stomata,  3 
water,  3 

Stone  pine  nut,  362 
Sucrose,  3,  10,  11 
Sugar  sorghum,  49,  108 
Sugars,  10 
reducing,  10 
Sulphuric  acid,  16 
Sunflower,  609,  610,  635 
forage,  635 
seed,  609,  610 
cake,  610,  614 
carbohydrates,  617 
composition,  614 
enzymes,  617 
mineral  constituents,  617 
oil,  615 

composition,  616 
sterols,  616 
values,  615 
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Sunflower  seed,  phosphorus-organic  com¬ 
pounds,  617 
proteins,  614 
amino  acids,  614 
N-distribution,  615 
structure,  610 

chief  characters,  613 
Swamp  hickory,  404 
Sweet  corn,  see  Corn,  sweet 
potato  starch,  38 
structure  of,  38 
Symphytum  officinale,  635 

T 

Tacca  pinnaiifida,  38 
Tacca  starch,  38 
structure,  38 
Taccacese,  38 
Taschelkraut,  467 
Tannic  acid,  13 
Tannins,  4,  13 
Taro  starch,  39 
structure,  39 
Tartaric  acid,  13 
Tartarischer  Buchweizen,  313 
Tartary  buckwheat,  303,  313 
Tarweed,  618 
Taubenkropf-Nelke,  336 
Taumelloch,  182 
Teff,  50,  189 
composition,  190 
structure,  189 
chief  characters,  190 
Temulin,  185 
Teosinte,  49,  98 
composition,  100 
structure,  98 

chief  characters,  100 
Teosinte,  98 
Thistle,  609 
bull,  609,  629 
Canada,  609,  629,  630 
common,  629 
Thlaspi,  536,  439,  440 
arvense,  438,  441,  467 
Thymine,  14 
Thymus  nucleic  acid,  14 
Tik,  32 
Tikor,  32 
Tikur,  32 


Timothy,  49,  636,  637,  640,  641 
forage,  green,  640 
hay,  641 
structure,  637 
Tissues,  cellular,  3 
Tofu,  512 
Tori,  438,  441,  448 
Bhunri,  448 
composition,  448 
Lutni,  448 
oil,  fatty,  449 
volatile,  449 
structure,  448 
Tortelle,  459 
Tournesol,  610 
Tout-les-mois,  31 
Transitory  starch,  22 
Trapa  bicornis,  349 
hispinosa,  40,  349 
natans,  349 
Trapacex,  40 
Travencore  starch,  32 
Treacle  mustard,  460 
Trebol  rojo,  659 
sueco,  662 

Trefle  du  Japon,  672 
hybride,  662 
Trehalose,  12 
Trespe,  186 
Trichomes,  3 
Trifoglio  ibrido,  662 
incarnato,  661 
rosso,  659 

Trifolium  hyhridum,  643,  644,  645,  662 
incarnatum,  643,  661 
medium,  645 

pratense,  643,  644,  645,  659 
repens,  662 
Trigo,  190 
duro,  250 
polaco,  250 
rendondillo,  249 
Trioses,  11 
Trisaccharides,  12 
Tristeginese,  49 
Tritico-nucleic  acid,  14 
Triticum,  50 
apstivum,  190 
compactum,  249 
dicoccum,  253 
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T riticum  durum,  250 
hihernum,  190,  249 
nwnococcum,  254 
polonicum,  250 
sativum,  190 
compactum,  249 
dicoccum,  253 
durum,  40,  250 
Spelta,  40,  251 
turgidum,  40,  249 
vulgare,  40,  190 
Spelta,  251 
turgidum,  249 
vulgare,  190,  249 
Tryptophane,  8 
Ts’au-tzu,  180 
Tubes,  sieve,  3 

Tumbling  mustard,  438,  439,  441,  469 
Turnip  rape,  454 
Turpentine  (reagent),  5 
Tuscarorareis,  153 
Two-rowed  barley,  269 
Tyrosine,  7 

U 

(Jimbi,  178 
Uliva,  587 
Umbelliferse,  39,  585 
Umngoza,  178 
Upland  cress,  4G1 
Upoko,  178 

V 

Vaccaria  parviflora,  337 
pyramidata,  337 
vulgaris,  337 
Valine,  7 

Values  of  oils,  357 

relation  to  composition,  358 

Veccia,  671 
Vegetable  ivory,  386 
oils,  367 

composition,  358 
values,  357 
Vena,  158 

Verbesina  sativa,  621 
Vermicelli,  247,  248 
Vescc,  671 
Vessels,  annular,  3 
pitted,  3 


.Vessels,  reticulated,  3 
spiral,  3 
Vetch,  643 
ash,  646 
chickling,  635 
hairy,  672 
Russian,  672 
Spring,  see  Spring  vetch 
Winter,  see  Winter  vetch 
Vicianin,  12 
Vierzeilige  Gerste,  293 
Vigna  sinensis,  643,  645,  669 
Vilucchio,  314 
Volatile  oil,  4,  9 
Vulpin,  121 
Walnuss,  391 
schwarze,  398 
Walnut,  390 
American,  398 
black,  398 

English,  see  English  walnut 
family,  390 

classification,  390 
nuts,  390 
Japanese,  396 
oil,  395 

Persian,  see  English  walnut 
white,  397 
Warabi  starch,  43 
structure,  44 
Water,  6 
caltrops,  350 
chestnut,  349 
family,  349 
nuts,  349 
starch,  44 
structure,  45 
Javelle  (reagent),  5 
lily  family,  341 
oats,  153 
rice,  153 

Water-free  analj^s,  17 
Waxes,  4 

Waxy  maize,  Chinese,  96 
Weed  seeds,  barnyard  grass,  127 
black  bindweed,  314 
bouncing-bet,  338 
chess,  186 

common  plantain,  608 
corn  cockle,  331 
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Weed  seeds,  cow  cockle,  337 
curled  dock,  319 
darnel,  182 
English  plantain,  006 
false  flax,  462 
field  black  caraway,  427 
larkspur,  426 
pennycress,  467 
green  foxtail,  116 
hare’s  ear,  460 
hedge  mustard,  459 
lamb’s-quarters,  322 
night-flowering  catchfly,  339 
pheasant’s  eye,  425 
pigweed,  326 
rocket,  445 
shepherd’s  purse,  464 
smart  weed,  319 
soap  wort,  338 
tall  buttercup,  422 
tumbling  mustard,  459 
white  cockle,  338 
wild  buckwheat,  814 
carrot,  585 
oats,  175 
peppergrass,  466 
yellow  foxtail,  121 
Wegerich,  grosser,  608 
Weisser  Milo-Mais,  115 
Weizen,  190 
englischer,  249 
polnischer,  250 

West  India  arrowroot  (starch),  31 
Wheat,  50,  60,  190 
acid  amides,  226 
acidity,  ^34 

alimentary  pastes,  247,  248 
amino  acids,  226 
bran,  203,  211,  212,  241,  242 
bread,  203,  244 
graham,  201 

by-products,  see  Wheat  offals, 
carbohydrates,  230 
common,  190 
composition,  204 
influence  of  climate,  208 
of  frost,  209 
of  ripeness,  206 
of  soil  fertility,  206 
of  soil  moisture,  209 


Wheat,  composition,  influence  of  variety, 
210 

relation  to  physical  characters,  205 
durum,  260 
dwarf,  249 

electrical  conductivity,  236 
embryo  (germ),  199,  203,  211,  212, 
214,  241 
English,  40,  249 
enzymes,  237 
flour,  201,  211 

baking  strength,  243 

clear,  212,  213,  241,  242 

Graham,  201 

hard  wheat,  213 

low-grade,  204,  212,  241,  242 

milling,  212 

patent,  212,  213 

red  dog,  204,  212,  241,  242 

soft  wheat,  213 

straight,  212 

germ,  see  Wheat  embryo, 
grits,  201 

H  ion  concentration,  234 
hedgehog,  249 
macaroni,  40,  250 
malted  products,  201 
middlings,  see  Wheat,  shorts, 
mineral  constituents,  238 
mixed  feed,  204 
offals,  203 
oil,  228 

composition,  229 
sterols,  229 
values,  228 

phosphorus-organic  compounds,  231 
Polish,  250 
polypeptides,  226 
products,  201 
microscopy  of,  201 
proteins,  214,  217 
amino  acids,  218,  225 
bran,  225 
embryo,  217 
endosperm,  215 
N-distribution,  220 
puffed,  201 
respiration,  211 
rolled,  201 
screenings,  203 
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Wheat,  shorts,  203,  212 
shredded,  201 
Spring,  190 
starch,  40 

composition,  40 
structure,  40 
straw,  041 
structure,  190 

chief  characters,  200 
water,  213 
Winter,  190 
White  charlock,  443 
clover,  046,  602 
ash,  640 
cockle,  330,  338 
Indian  ra|)e,  455 
milo  maize,  115 

mustard,  438,  439,  441,  443,  455 
Wild  buckwheat,  314 
carrot  seed,  686 
oats,  49,  176 

I)eppergrass,  438,  441,  466 
radish,  443 
rice,  49,  163 

composition,  155 
mineral  constituents,  155 
structure,  153 

chief  characters,  155 
rose,  470 

Wilde  Mohre,  585 
Willi  ams’  arrowroot  (starch),  38 
Windenknoterich,  314 
Winter  cress,  438,  439,  441,  461 
vetch,  672 

forage,  green,  644 
hay,  645 
wheat,  190 
Winterkresse,  461 


X 

Xanthosoma  caracu,  39 
Xylan,  12 


Xylem,  3 
l-Xylose,  1 1 

Y 

Yam  bean  starch,  39 
structure,  40 
starch,  32 
structure,  32 
Yautia  starch,  39 
structure,  39 
Yellow  foxtail,  49,  121 
Indian  rape,  455 
milo  maize,  115 

Z 

Zamia  florvlana,  44 
'pumila,  44 
Zea,  49 

arnylacea,  63,  92 
amylea-saccharata,  63 
everta,  63,  91 
indeniata,  62,  63 
indurata,  63,  91 
Mays,  34,  62,  640,  641 
americana,  62 
dentiformis,  62 
prgpcox,  91 
saccharata,  93 
tunicala,  63,  97 
saccharata,  63 
iunicata,  63,  97 
Zein,  81 
Zinc,  17 

Zingiberacex,  42 
Zirbelniisse,  362 
Zizania,  49 
aquatica,  153 
palustris,  153 
Zoysiese,  49 
Zuckermais,  93 
Zweizeilige  Gerste,  269 
Zwergweizen,  240 
Zymase,  15 
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